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Scientilic Reports of the Apultural 
Research Institute, Pusa 


{Including the Report of the Secretary, Sugar Bureau) 

1919-20 

REPORT OF THE DIRECTOR. 

(S. M.A., B.Sc., and G. S. Henderson, N.D.A.. 

N.D.D.) 

I. Charge and Staff. 

Charge. Mr. G. A. D. Stuart, I.C.S., held charge of 
the office of Agricultural Adviser to the Government of 
India and Director, Agricultural Research Institute, 
Pusa, up to the 23rd October, 1919, and Mr. J. Mackenna, 
C.I.E., I.C.S., from the 24th October, 1919, to the 30th 
April, 1920. On the transfer of Mr. Mackenna to Burma 
as Development Commissioner, Dr. E. J. Butler, M.B., 
F.L.S., held charge from the 1st May till he was relieved 
by Mr. S. Milligan on the 18th June, 1920, 

Dr. E. J, Butler held the post of Joint Director of the 
Institute until the close of the year, but subsequently 
proceeded on leave, Mr. G. S. Henderson, Imperial Agri- 
culturist, relieving him of his duties as Joint Director. 

Staff. Dr. W. H. Harrison proceeded on leave for 
18 months from 1st May, 1920, when Dr. J. Sen, M.A., 
Ph.D., Supernumerary Agricultural Chemist, assumed 
charge of the duties of Imperial Agricultural Chemist. 
Dr. Sen’s deputation under the United Provinces Govern- 
ment terminated on the 3rd December, 1919, 
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Mr. A. Howard, CI.E., M.A., and Mrs. Gabrielle L. C. 
Howard, M.A., Imperial Economic Botanists, went on 
leave. from the 26th November, 1919, Mr. G. P. Hector, 
M.A., B.Sc., Economic Botanist to the Government of 
Bengal, has ofiBciated as Imperial Economic Botanist since 
the 20th December, 1919, 

Mr. J. H, Walton, M.A., B.Sc., Assistant Agricultural 
Bacteriologist, has been appointed to act as Imperial Agri- 
cultural Bacteriologist from the 11th April, 1920, the date 
from which Mr. C. M. Hutchinson, C.I.E., B.A., proceeded 
on leave for 18 months. Mr. N. V. Joshi, M.Sc,, B.A., 

L. Ag., First Assistant to the Imperial Agricultural 
Bacteriologist, acts as Assistant Agricultural Bacterio- 
logist from the same date. 

Dr. F. J. F. Shaw, Second Imperial Mycologist, has 
been cn 11 months* leave from the oth February, 1920. 

Mr. Wynne Sayer, B.A., acted as Imperial Agricul- 
turist up to the 4th January, 1920, when the permanent 
incumbent, Mr. G. S. Henderson, resumed charge on return 
from leave. 

At the close of the year under report, Mr. J. F. Dastur, 

M. Sc., Supernumerary Mycologist, was still on deputa- 
tion in England for training. 

Mr. Afzal Hussain, B.A., M.Sc., Supernumerary Ento- 
mologist, was transferred as Entomologist to the Punjab 
Government on the 16th September, 1919. 

Mr. W. A. Davis, B.Sc., A.C.G.I., Indigo Research 
Chemist, was on leave from the 11th October, 1919, to the 
25th April, 1920. 

Dr. A. P. Jameson, who has been appointed Proto- 
zoologist at Pusa, joined his duties on the 17th October 
1919. 

Subsequent to the close of the year under report, 
Mr. F. M. Hewlett, B.A., F.E.S., Imperial Pathological 
Entomologist, died at Mussoorie on the 20th August, 1920, 
after a serious operation. His death is a serious loss to 
the Institute and the Indian Agricultural Service. 
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IL Work of the Institute. 

Scientific Work. The scientific work of the Institute 
during the year is described in the reports of the various 
sectional heads. A description of much of the work has 
already appeared in the form of Memoirs and Bulletins. 
The following is a summary of sonm of the items of more 
immediate importance. 

Agricultural Section. The permanent experiments 
were continued on the lines of former yeiirs and the 
usual collaboration in field experiments with the other 
Sections of the Institute. The general farm area has teen 
organized so as to provide a large-scale test of the mainte- 
nance of soil fertility'" under a double cropping system 
without irrigaiion, the jirincJpal crops being used as food 
for the dairy stock and consumed on tjie farm. 

Data regardincf the economics of “power” cultivation 
and the comparative value of various rotation crops are 
being collected. 

The success of the cross-breeding experiments with 
cattle, so far as the first cross is concerned, is now assured. 

The results of the combined cattle-breeding and fodder- 
, raising exjieriments are clear on two important points, 

(1) that, for the production of milk, it is possible by 
crossing with an imported breed of high 
pedigree to improve on the milk outturn per 
head of the Montgomery cattle purchased in 
tlie Punjab, to the extent of at least 100 per 
cent. ; 

{2) that, where conditions permit, it is possible by 
the use of power on a fairly large scale to 
greatly reduce the production cost of fodder. 

It is now clear that the cost of production of milk for 
the large towns could be largely reduced by the breeding 
of cross-bred cows for the special purpose of milk produc- 
tion and the growing of cheap fodder on the lines adopted 
at Pnsa. 
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Cheviical Section. As recommended by the Conference 
of Agricultural Chemists, an investigation into the methods 
of analysis of nitrogen and phosphoric acid in manures 
and fertilizers has been undertaken by the Chemical 
Section. The important investigations regarding the 
retention of phosphoric acid in calcareous and non- 
calcareous soils reached a stage which enabled Dr. 
Harrison to submit the result for publication. The work 
on windrowdng of siigarcanes started at Peshawar was 
continued at Pusa where it was found that the canes 
were capable of being windrowed under conditions^ 
of temperature much higher than those obtaining in 
the North-West Frontier Province. The question as to 
whether the roots of certain crop plants excrete toxic sub- 
stances, and the comparative effect of ammonium sulphate 
as a manure for paddy used alone and in combination with 
green manures, formed some of the other important investi- 
gations made by this Section. 

Botanical Section. Botanical work on wheat, indigo, 
linseed, tobacco, 'patwa {Hibiscus cannahinus) and safflower 
has been continued. In addition to this, work on rice and 
jute receives mention in the report of the Officiating 
Economic Botanist. Reports from the United Provinces 
indicate that some of the new Pusa wheat crosses sent out 
for trial may prove even higher yielders than the vvell 
established Pusa 12, showing an improvemert in the direc- 
tion of a stronger straw and better grain-holding pro- 
perties. Botanical work on indigo was confined mainly to 
a continuation of observations on plants grown in drained 
and undrained lysimeters, to the monthly examination of 
roots, and to seed selection. Definite results have been 
obtained from the work on linseed, indicating the lines on 
which improvement of the Bihar varieties must proceed. 

The Officiatincj Economic Botanist, in collaboration 
with the Fibre Expert to the Government of Bengal, conti- 
nued the investigations into “ chlorosis in jute which 
promise to have important practical results in eliminating 
this danger to the Bengal jute crop. 
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The Mycological ^iectioa was short-handed during the 
greater part of the year owing to the absence of two of the 
superior staff. The work on the black band disease of jute, 
rot^in potatoes during storage, and on the diseases of fruit 
in Kumaon have, however, yielded important results. 
Diseases of cereals have been under investigation and con- 
siderable progress has been made in the enquiry which is 
likely to extend over several years. Observations at Lyall- 
pur of the root-rot of cotton have led to the conclusion that 
this disease which occurs sporadically in Northern and 
Western India is a non-parasitic one and is associated 
with some unknown soil condition which will require 
special study. 

Entomological Section. In additi n to systematic work 
on insects, the Entomological Section continued the 
investigation of the relative immunity of varieties of 
cotton from Ixillworai atUick, of borer pests of sugarcane, 
rice and other cereals, and of other agents of damage to 
these crops which produce effects similar to those caused 
by borers. The Imperial Entomologist, in emphasizing the 
importance of the study of the stem borers, estimates that 
the average loss of sugarcane in India through the action 
of borers amounts to 10 per cent, of the tot-al crop. Con- 
siderable material has heen accumulated regarding insect 
pests of fruit trees. The results of the prolonged experi- 
ments and the details of the successful methods on the 
storage of grain against insect attack have been fully 
described in a paper by Mr. Fletcher and Mr. C. C. 
Ghosli. Further work on pests of stored grain was 
mainly directed to finding whether there is any infesta- 
tion in the field and, if so, ip what extent. Lac and seri- 
culture also continued to engage the* attention of this 
Section. 

Pathological E7itomological Section. On the conclusion 
of his deputiition to investigate the mosquito repellents, 
the late Mr. Hewlett worked on the effects of alkaloidal 
poisons on rats and of X-rays on mosquito hrxee in colla- 
boration with Captain Barnard of the Colaba Hospital. 
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Attempts were also made to discover the insect- carrier of 
a short period fever which was seriously impairing the 
efficiency of ship’s crews in the Bombay Docks, At the 
time of his death Mr. Hewlett was engaged on a survey of 
flies in the Punjab and the North-West Frontier Province 
in connection with the transmission of surra amongst 
camels. 

Bacteriological Section. A large amount of work on 
nitrification and fixation of nitrogen luis already been done 
by the Bacteriological Section. During the year under 
report, investigations were carried out regarding the nitri- 
fication of cow-dung, cow-urine and sheepfold manure, 
along with their effects on plant growth. The losses of 
nitrogen during the storage of these manures are being 
further investigated. A study of the wide variations in 
the accumulation of nitrate during the decomposition of 
various oil-cakes tends to the conclusion that these are 
intimately connected wdth the carlx)h}d rate nitrogen ratio 
of the cakes, the oil content having apparently veiy slight 
influence on nitrification. A comparison of the nitrogen 
content of soil under fallow and growing crops^showeil that 
not only the nitrate but also the organic nitrogen content 
of the cropped plots were lower than those of the fallow^ 
plot. Further work on the sterilization of water by the 
new^ sterilizer (electro-chlorogen), mentioned in last year’s 
report, was continued. 

Prutozoological Section, Dr, Pringle Jameson, who 
joined his appointment on the 17th October, 1919, has 
taken up the work on the pebrine disease of silkworms 
from the point where Mr. Hutchinson, who initiated the 
investigations, left off. 

The work done by the Indigo Section is published in a 
special series of Indigo Publications started by the Insti- 
tute. A separate annual report has, therefore, not been 
considered necessary. 

Training, The number of post-graduate students 
under training at the Institute, during the year, are 
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given below. In addition, short courses have been given in 
sericulture. 

Nuitibfcr of 
BtudeuU 


General Agriculture 
Agricultural Chemistry 
Mycology 

Economic Entomology . 
Agricultural Bacteriology 
Sericulture 


1 

2 

1 

1 

5 


Total . 13 


In addition, Mr. T. P. Padmanabha Pillai, Mycologist, 
Travancore State, spent a month in the Mycological 
Laboratory, and a stipendiary student from Ajmer- 
Merwara underwent a training in general analytical 
methods for three months in the Chemical Laboratory. 
Two students sent from the Agricultural College at Sabour 
were also given instruction in sericulture not amounting 
to a regular course. 


III. Publications. 

Six Memoirs, nine Bulletins, one Indigo Publication, 
and three pamphlets were issued during the year, while 
32 publications were in the press at the close of the year. 

The proceedings of four conferences, viz., the Eleventh 
Meeting of the Board of Agriculture, the Sedond Meeting 
of Mycological Workers, the First Meeting of Agricultural 
Chemists and Bacteriologists, and the First Meeting of 
Veterinary Officers, Mere also brought out during the year, 
and the Report of the Proceedings of the Third Entomolo- 
gical Meeting, an octavo volume of 1,138 pages of print 
and 182 plates, M as still in the press on the 30th June, 1920. 

The issue of the “ Agricultural Journal of India ” 
every tw'o months, instead of every quarter, has further 
stimulated its circulation, and, with the commencement of 
the New Year, it is proposed to further increase the print 
order by 250 copies to meet the growing demand. 
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IV. Accounts. 

The total expenditure during the financial year ending 
the 31st March, 1920, was Rs. 6,59,343 as ^against 
Rs. 6,06,640 during the previous year. The details are 
given below: — 

R8. 


General expenditure on the Institute (inchidinj^ 


tlie Othce o£ U\e AKiicwHuTal Adviser 


Director) . .' . 

. 2,61,236 

Chemical Section 

39,856 

Alycological Section .... 

45,983 

Entomological Section .... 

54,089 

Pathological Entomological Section . 

31,259 

Bacteriological Section .... 

39,077 

Botanical Section ..... 

45.261 

Agncultural Section ..... 

87,381 

Indigo Research Section ... 

51,838 

Protozoological Section .... 

3,363 

Tot.al 

. 6,59,343 


and 


A sum of Rs. 15,000 was paid as a grant-in-aid to the 
Indian Tea Association. 

The principal items of expenditure under the annual 
grant of Rs. 10,000 placed at the disposal of the Agricul- 
tural Adviser to the Government of India for special 


agricultural experiments were as follows : — 

Rs. 

For investig-ation of anti-s<'orbiitir and anti-beriberi 

properties of sun-dried vegetables . . . 2,000 

Cost of fencing materials .... 903 

Entertainment of visitors during motor tractor de- 
monstrations 747 

Pebrine experiments 246 

Cost of oil for suiTa experiments .... 500 

Apparatus and appliances for the Mycolngical Section 

ut Pusa 1,409 

' Experimental cotton cultivation by the Imperial 

Cotton Specialist, Poona ..... 1,000 
Mos(puto experiments at Pusa . . . .316 

Pay of a Veterinary Assistant 541 
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The gross receipts during the year from the sale of 
farm produce, milk, publications of the department and 
other articles amounted to Rs. 36,221 as against Rs. 21,403 
last year. 

V. Conference. 

The Eleventh Meeting of the Board of Agriculture in 
India was held at Pusa from the 1st to 6th December, 1919, 
under the presidency of Mr. dames Mackenna, CI.E., 
LC.S. The meeting was attended by 49 members and 
27 visitors, the latter including the Hon'ble Sir Claude 
Hill, Member-imcharge of the Department of Revenue 
and Agriculture, Government of India, the Hon ble Mr, 
R. A. Mant, Secretary to the Government of India, Depart- 
ment of Revenue and Agriculture, and the Members of the 
Indian Sugar Committee. 
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REPORT OF THE IMPERIAL AGRICULTURIST. 

(G. S. Henderson, N.D.A., N.D.D.) 

I. Charge. 

Mr. Wynne Sayer held charge of the post of Imperial 
Agriculturist till the 4th of January, 1920, when the per- 
manent incumbent took over charge. 

Khan Sahib Mohammed Ikramuddin was appointed to 
the post of Assistant to the Imperial Agriculturist on 13th 
August, 1919. 

Khan Bahadur Judah Hyam retired from service on 
25th August, 1919, and Mr, L. S. Joseph was appointed as 
Cattle Superintendent. 


II. General. 

An important part of the work of the Imperial Agricul- 
turist is to act as liaison officer to the various provincial 
agricultural authorities in India. During the past year 
little in this direction was possible, Mr. Sayer being 
employed on the Indian Sugar Committee during most of 
the year and during the remaining months the writer has, 
among other general work, \yeen occupied with a scheme for 
motor tractor trials and proposals for an Agri-Irrigation 
Research Institute. A number of tours were, however, 
undertaken in connection wnth these proposals. . A full 
vscheme was drawn up for the proposed Irrigation Research 
Institute in consultation with Mr. T, R. J. Ward. Inspector- 
General of Irrigation, and Mr. Roberts, of the Punjab 
Agricultural Department. 

A consultation was held with Mr. Smith, the newly 
appointed Imperial Dairy Expert, regarding the place of 
the Pusa herd m the general scheme for the improvement 
of cattle-breeding in India. In the new dairy schemes 
being worked out for various provincial departments the 
agricultural part of the programme will be drawn up by 
the Imperial Agriculturist. 
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The second and fourth classes oi agricultural students 
were examined at Lyallpur, Punjab. These students were 
found to be of a useful and practical type, and show pro- 
mise of being of great value to the future agricultural 
development of the Punjab. 

III. PUBUCATIONS. 

A Bulletin entitled “ Practical notes on Salt Land 
Reclamation” was issued during the year. The Guide to 
the farm at Pusa was brought up to date, and the prelimin- 
ary work for a Bulletin on details and costs of the diSerent 
farm crops at Pusa was completed. Various notes and 
review^s for the “ Agricultural Journal of India ” were 
completed. A large number of agricultural enquiries from 
all parts of India were replied to. 

IV. Training course. 

While tliere is at present no definite post-graduate 
course in agriculture at Pusji, graduates are admitted to 
study farm practice and uianagement of the dairy herd. 
Three students were adinitte<[ during llie year under 
review. 

V. Pusa Farm. 

Tlie farm is under the Imperial Agriculturist, and, as 
has been explained in former reports, consists of about 500 
acres of arable land and 400 acres grazing in addition to a 
carefully prepared experiment area. The whole is laid out 
so as to permit of its being worked on up-to-date practical 
lines and operated with such western machinery and imple- 
ments as are suited to Indian agriculture. The produce 
of the farm is used in the npkee[) of the pedigree dairy 
herd. The whole concern is very cheiiply run and is, from 
the strictly financial point of view, a good investment for 
Government. 

Th& Season. The season was an abnormally dry one, 
the total rainfall amounting to 32*73 inches as against 
60-19 inches for the previous year. Sowings went on inter- 
mittently during the scanty rainfall in the first three weeks 
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of June and were not completed till July. The pulse crop 
was consequently sown too late. The shortage of rainfall 
continued during the monsoon. Two inches of rain in 
October, however, facilitated the sowing of the rabi (winter) 
crop. Drought again intervened till February 1920 when 
rain saved the oat crop from total failure but was too late 
for straw. The arhar {Cajanvs indie us) crop which was 
flowering at the time suffered i\ great deal and yielded dis- 
appointingly. The monsoon, though light, was not un- 
favourable to the maize grown for grain, but that grown 
for green fodder was much below normal. 

The Pusa Farm is worked under a three-year G-course 
rotation given below. The land is double-cropped, i.e., two 
crops are taken off the same land annually. 


1 

IstYoftr 1 

2nd Year 

3rd Y ear 

1 

Monsoon crop [Khxrif) , , : 

Maize for silage 
and fodder 

M iixo for com 

Pulse gre^ crop 

Winter crop . . . i 

i Oats 

Arhar {i'ajanu* 

; Oats 


indicus) 



Details are as follows : — 

1st year's rotation. The land under maize is given 10 
tons farmyard manure or 10 maunds oil-cake and is fol- 
lowed by oats in the rabi. During the year under report 
five fields aggregating 125 acres were put down under 
maize and juar ( J ndropogon Sorguvi). The best yield was 
got from South Pangarbi field where 15 acres gave 220 
maunds per acre of green fodder, the Ijest yield of oats 
being 14^ maunds per acre from Brickfield No. 2. 

The working cost for the year for both khnrif and rabi 
crops in this year of the rotation amounted to Rs. 56-4* per 
acre and the return to Rs. 88-2, giving a working profit of 
Rs. 31-14 per acre for the year. 

2nd year's rotation. No manure is given to the crops in 
the second year of the rotation. As a rule maize and arhar 

• Exclusive of rents, rates and taxes and supervision cliargcs. 
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are sown together so that the arAar remains as a rahi crop 
after the removal of the maize, thereby saving a consider- 
able amount"of cultivation at the busiest time of the year. 
The total area under this rotation was 140 acres out of 
which 119 acres were sown under maize and arhar. 

The working costs for the year for all crops in this, 
rotation were Rs. 22-10* per acre and the returns Rs. 96, 
giving a profit of Rs. 73-6. 

The season was a fair one for maize corn and the best 
field Bhograson gave 14^ maunds, the average over all being 
nearly 9 maunds. The arhar crop, as mentioned above, 
finished badly owing to rain at the wrong time in February 
1920 when the crop was in full flower. 

3rd years rotation. In the 3rd yearns rotation pulse 
crops are sown in kharif and fed oS on the land. Four 
fields aggregating 132^ acres were sown under guar 
{Cyamopsis psoralioides), soybeans, math {Phaseolus 
aconitifolius), cowpeas and velvet beans. Out of this, 107 
acres were fed ofT and 2o acres of guar in Chhoania field 
were cut green for stall-feeding. The latter area was sub- 
sequently sown with oats manured wdth 5 maunds of oil- 
cake per acre to make up for the removal of the crop. 

. The soiling began late {the 3rd of August), the sowing 
of the crop having been delayed by late rainfall. Two 
hundred and sixty-six head of cattle consumed an average 
of 2*6 acres of cro]i daily over a period of 40 days (Plate I). 

Oats followed the pulse crop over S8 acres, 4 acres being 
left fallow^ for next years sugarcane and hot weather maize 
and a small are^i reserved for wheat. The oats area- 
received a dressing of one uiaund of superphosphate. 

The best yield Avas 124 maunds from Chhoania, the 
average being 11 maunds. Working cost was Rs. 32* per 
acre and return Rs. 53. 

Sugarcane. The land for this crop is kept fallow 
during rnbi, the moisture being conserved by repeated 
harrowings till the cane is planted in Febniarv without 

* Exclusive of rents, rates and taxes and supervision charges. 
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irrigation. This year eight acres were under cane, A 
dressing of lialf a ton of oil-cake was applied per acre, half 
at planting time and the remainder on the first rainfall. 
The crop yielded an average of 472 maunds per acre and 
was sold to the factory at annas 11 per maund. The cost 
of production amounted to Rs. 116-9, and the return 
Rs. 231'8 per acre. Twelve selected varietiCvS were grown, 
viz., thick canes : iSatlii, Purple Mauritius, Kaludai Budan, 
D. 99 American and D. 1135; Thin canes : Java 36, Mungo, 
Yuba, Saretha, Maneria, Ku.swar and Reora. Twenty- 
nine varieties received from Dr. Barber, Government Sugar- 
cane Expert, were also grown for comparative tests on 
small areas. Out of these, Co 215, Co 201, Co 202, Co 204, 
Co 205, Co 206, Co 207, Co 208, Co 210, Co 213, Co 214, 
Java 213, Kuswar and Tobe Monjet did well and are this 
year being tried on a large scale. The thick canes are 
planted in rows 3 feet apart while the spacing of the rows 
for the thin varieties is 2i feet. This method of planting 
has been found the quickest and most economical in regard 
to labour. Furrows are opened by a ridging plough, fol- 
lowed by a sub-soiler to loosen the soil to a depth of about 9 
inches. Sets are then laid horizontally in the furrows ftd- 
lowed by a top-dressing of oil-cake. The sets are then 
covered by a special implement which is a combined hanga 
and roller. 

Jute. 21'53 acres in Goojarmalla field were sown under 
jute for seed for the Fibre Expert to the Government of 
Bengal. The field is liable to flooding, but on account of 
the scanty monsoon rainfall the crop grew well and yielded 
134 maunds of seed or an average of 6*25 maunds per acre. 

Berseem. Berseem or Egyptian clover (Trifolium alex^ 
andrinum) was sown on an area of 846 acres commanded 
by irrigation from the river. This is a most promising 
fodder crop, providing fodder between seasons at a time 
when there is a scarcity of green food. An area of over 40 
acres has now been levelled for the extension of this crop 
under irrigation. The fodder will be of great value to tlie 
milch stock. 



institute:, pusa, for 1910.20 
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Soiling. The ])ractice of grazing fodder cro])s on the 
land lia*^ been found to bo of great jiractical value. It now 
forms part of the rotation designed to determine if it is 
feasible to maintain the fertility of ordinary rain-watered 
land under intensive croj;ping. With irrigated land the 
matter is comparatively simple, but in rain-watered land 
the maintenance of fertility by simple practical methods is 
one of the most urgent of agricultural problems. 


VI Pkrmaxent Experiments. 

These were continued in the two fields specially laid out 
for the purpose. 

{a) The permanent manurial and rotational experi- 
ments were continued. The results obtained up to the year 
1918-11) were disemssed by a sub committee held at the time 
of tlie last Itoard of Agriculture. 

Tiie object of this series is to determiiie the specific 
effect on soil fertility of the more common organic and 
chemical manures apjdied alone and in various combina- 
tions to a two-yeai' 4-course rotation. 

Table I showing the treatment and results of outturns 
fur the year 1919-20 is given belo^v 
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(b) The green-manurijig experimental plots designed in 
collaboration with the Imperiar Agricultural Bacteriologist 
were continued for the purpose of testing residues. The 
yields from the different plots are not included in this 
report a^ they show no departure from last season’s results. 

(c) The experiments in collaboration with the Imperial 
Mycologist regarding a method of dealing with die-back 
disease in chillies were continued. 

(d) Six wheat Varieties, Federation, Pusa 12, Pusa 4, 
Cawnpore 13, Maroo Booji, and Lyallpur 8A, which 
yielded.well last year, were grown in a series of plots. The 
results owing to the deficiency of rainfall were in many 
cases very poor. The highest yield was 24 maunds 25 seers 
per acre, from Federation, while the highest outturns of 
Pusa 4, Pusa 12 and Cawnpore 13 were 15 maunds, 21 
maunds, and 18 maunds respectively. 

(e) The experiments for cJbmparing the comparative 
economic value of the common leguminous crops were con- 
tinued. There are two series of plots iuHhis experiment. 
One series is grown with kharif pulses to produce green 
fodder in the kharif and is followed by winter pulses for 
grain in the rabi season; the second series is for testing 
grain outturn of both kharif and pulses. 

The table below show's this year’s results : — 


Tarle II. 
Series, 


Kbxrif 

! 

Gr*Q 

How DEUT wm 

Rabi polsM 

i 

' W.'l«ht 

(if dC/sl 

per acre 
la lb. 

p«r acre 
in tb. ^ 

to 

CAUle 

i Left by 
* cattle • 

1. SojibeMtf 

8.483 1 

5/C 

. ‘ 

1/6 

Val ^ . 

U53 

2. Covpeu 

I4,&13 j 

All 




8. velvet bcMtf* 

9,848 1 

2/8 

'l/3 ■ 

ntrjplcpwtf , , 

493 

4. Flonikk vecd 

6,W2 1 

j 

2/8 

1/3 ■ 

White . 

392 

8. Mafi^ . . 

14,710 f 

All 


Gram, small Kabuli 

400 

8. ‘radiaiui) 

11.704 5 

18/14 

I;l4 

Gram. fawoiKtre . 

770 

7. Goar . . -v 

9,M7 

6/7 

t ..1/7 . 

Cram, k>f»l , l^usa Bihar. 

452 

B. VjJ IMab) , 

4,088 1 

2 /a 

' %L'3: ; 

Gujafat 

448 
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“ B" Series. 


Khftrif pdsM 

WeiabtoC 
need pa 
acre m lb. 

R«bl pnlaei ^ 

Weight of 
seed per 
acre in lb. 

1. 8oyb«tDf ..... 

1,135 

Fallow «6 kb»ril crop wm Uarve*- 


£. CowpMf ..... 

825 

Ditto 


S. noMk Telret bMnt . 

1,248 

Ditto 


4. FlorlfU Tieggfa weed . 

127 

Gram, Kabuli big 

35S 

fr. Ufttb 

1,107 

Fallow u klwll aop wm harvested 
late 


6. Urid ..... 

610 

Ditto 


7. Oner 

1,068 

Ditto 


S. Vel 

562 

Same crop standing la rabi 



Series A, Almost all the kharif pulses grown yielded 
well except math, guar, and velvet beans, which gave a less 
outturn of green fodder than last year, probably on account 
of the late arrival of the monsoon which delayed sowings. 
The cowpeas and math grown as green fodder were con- 
sumed by the farm stock. 

In the case of the rabi pulses the yield of grain 
amounted to about one-half of last year’s outturn on 
account of the late winter rains in Feoruary which fell 
when the crop was just in flower. The Yellow Gujarat 
and the local gram suffered most. 

Series B. The grain yield of kharif pulses is high as 
compared with that of last year, but the late ripening of 
the crop prohibited the sowing of the succeeding rabi 
pulses. 

(/) Experiments with Java and Sumatrana indigo con- 
ducted in collaboration with the Indigo Research Chemist 
and the Imperial Agricultural Bacteriologist, and the wilt 
disease experiments in collaboration with the Imperial 
Mycologist and the Fibre Expert to the Government of 
Bengal, were continued. These experiments will last over 
a periixi of years find the results will be dealt with from 
time to time bv the Indigo Research Chemist and the Im- 
perial Mycologist in their respe<?tive reports. 

As in past years, crops were grown in the North Pan- 
garbi field for the other Sections. 
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VII. Implements and Machinery. 

Steam Ploughing Tackle. The set of tackle consist- 
ing of two single cylinder “ K ” class Fowler engines with 
steel wire rope and four furrow anti-balance gang plough, 
a disc harrow, a grubber, a zigzag harrow and a Crosskill 
roller, worked during the year for 126 days of 10 actual 
working hours each. The engines were also used for silage 
cutting and for driving an 8-inch centrifugal pump for 
irrigation both in the monsoon and cold weather seasons 
when there was no cultivation work to be done on the 
farm. 

The cost of the set in 1913 was as follows : — 


Rs. 

Two eDglnes with steel cables .... 30,000 

Plough 3,700 

Disc harrow 3,625 

Grubber . 3,227 

Zigzag harrow and roller 2,925 


Total . 43,477 


Details of output, fuel consumption and working costs, 
including all expenses except depreciation and interest on 
outlay, are given below. 



Output, consumption and cost of Steam Tackle during 1919-20, 
(a) Onlput, 
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Fordson Tractor. After a trial and demonstration 
with implements used on the farm in May 1919 this^macbine 
was bought for Rs. 4,362 from Messrs, the Russa Engineer- 
ing Works, Ltd., Calcutta, for further trials as regards 
fuel consumption and work. The tractor has now worked 
on the farm for fully a year in both kharif and rahi culti- 
vation. The implements used include Ransome’s double 
disc plough, a two 14-inch furrow Oliver plough No. 7, a 
Roderick Lean disc harrow, spring tooth harrows, a Cam- 
bridge roller and an Orwell spring tyne cultivator : also a 
Raja reaper for han^esting oats. The work of the Orwell 
cultivator and Roderick Lean disc harrow when used in 
conjunction with the tractor has been found excellent. The 
Raja reaper is too small for economic results and a self- 
binder would be more satisfactory. The tractor also did 
very good work in driving a Climax silage cutter for chaf- 
fing green maize and juar. Figures of output, consump- 
tion and cost excluding depreciation and interest are given 
'below, 



Table VI. 

0%il yt/i, consufi^^ion and cost of Fordson T factor dvrtng J919-20. 








A- P. ns. A. P. Eb. a. P. I ns. A. P. Ks- A, P. I Es. A. P. Es. A. P. It*. A. P. Es. A. 

I«ia-t 0 I 85)«-6 282 13 0 1,803 8 0 1,043 0 7 ‘ 244 10 0 | 2,880 4 10 1338 6231286 1 12 
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Austin Tractor. This machine was bought from 
Messrs. A. H. Wheeler & Co., Allahabad, for Es. 3,268 and 
arrived on the farm in January 1920. It did equally good 
work to that of the Fordson with the same implements and 
was also used for breaking in land from jungle. 

The following statement shows the output, consumption 
and cost during the period of three months’ working. 



TABI.E VII. 

Output, consumpti<m and c^st of Austin Tractor during three months of working^ 

(a) Output. 



1020 801*6 84 6 0 300 10 II 206 
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The work of these two tractors have clearly shown the 
necessity for extensive trials of standard makes in India. 
It is possible that a number of modifications will have to be 
introduced before tractors can be recommended for ordin- 
ary zemindari conditions. The importance to India of the 
tractor movement is enormous. Plough cattle of powerful 
type are scarce and dear, and improved agriculture neces- 
sitates more power. It is useless to recommend an increased 
area of, say, sugarcane cultivation, unless means are pro- 
vided for the extra power required for an increased depth 
of cultivation. A motor tractor equals in work 8 — 10 pairs 
of cattle. The subject is thus worthy of more attention 
than a few spasmodic demonstrations. Further, the intro- 
duction of tractors necessitates the provision of training 
schools for drivers and workshops for running repairs 
within easy reach. 

The agricultural machinery trade in India is at present 
in an unsatisfactory state. Makers have no direct repre- 
sentatives in India but are represented by agents in the 
large towns. There are no stocks in the country and spare 
parts are increasingly difficult to get, and for these exhor- 
bitant prices are sometimes charged. For example, a bill 
was presented for Rs. 1,200 for spares for a couple of reap- 
ing machines. Makers will undoubtedly have to contem- 
plate the appointment of their own agents and the opening 
of depots in upcountiy districts. 

It is obvious that the work of the Agricultural Depart- 
ments in India must include both the testing of standard 
types of agricultural machinery and the adoption of such 
suitable modifications as are required. by Indian and indivi- 
dual district conditions. This class of work is quite in its 
infancy and requires considerable capital and time. Agri- 
culturists in India are further handicapped by the diffi- 
culty of getting into direct touch with manufacturers in 
England and America. 
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VIII. Pedigree Dairy Herd. 

During the year under report this herd has progressed 
^ satisfactorily. As has been shown in former reports it is 
divided into two sections : — 

(a) A pure bred Montgomery or Sanhiwal herd. 

(b) A cross bred herd obtained by crossing the poorer 

Montgomery cows with Ayrshire bulls. 

(a) The Montgomery Herd. The strict selection for 
milk yield is now giving results and the herd is slowly but 
steadily improving. It numbers over 244 head and it is 
hoped to reject this year all coivs giving less than 3,500 lb. 
of milk in a lactation period of 10 months from calving. 

It is satisfactoi*}'^ to record that a number of the new 
heifers have started with yields of over 3,500 lb. in their 
first lactation period of 10 months ; as they are still in milk 
their names are not included in the list below. 

The best results in the past year in the Montgomery 
section are : — 

Table Till. 





Wilk yifld 
mib. (lO 
iiionthri) 



Dam ‘.5 

Namo of cow 


Sire 

Dam 

best vield 

in'ib. 

Joogni 142 



0.457 

Anuitsari 

Bowdhi 33 

4,810 

Syria 182 . 


’ 

6,312 

Aniritsari 

Godhi 99 

5,954 

Room all 140 



5,007 

Amritsari 

B nthi 37 

4,228 

Bhawani 214 



4,454 

Bohari 

Thv mbi 130 

4,192 

Chaklt 203 



4,317 

Prayagi 

Pa dm ini 56 

3,770 

AnjAni210 



4,247 

: Bcbari 

1 Makhni 2S 

4,406 

AahrAfi2Il 



4,217 

i ; 

Prayagi 

■ Panji 39 

j 4,665 

1 


The calves from the Montgomery heifers are now being 
weaned at calving time but great care_ and careful super- 
vision is necessary. When the calf is weaned the cow 
takes the bull sooner and more regularly. 

(6) Cross Bred Herd. The number of the cross bred 
herd 18 at present 91 head. 
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The best of the cows were : — 
Table IX. 


N&me of cow 

Milk yield 
in lb. (10 
mont^) 

Calving 

Dam 

Dam*s 
best yield 
in lb. 

Alibi No. 3 

7.765 

2nd 

Sajni 

3.921 

Naomi No. 1 

7.019 

2nd 

Thoombii 

3,934 

Daisy No. 5 

6.481 

2nd 

Gujri 

4.416 

Kitty No. 10 .... 

5,089 

1st 

Makdi 


Patty No. 8 

I 5.600 

1 

Ist 

Rangeli 

3,333 

P^gy No. 9 

5,895 

Ist 

Pbekni 

3,519 


The above results are very striking. The combined 
results at Pusa and at the various military dairies, in 
which records of hundreds of animals and over 10 years’ 
experience are available, show that a cross of the well bred 
Ayrshire bull with an Indian cow will double the average 
milk yield of the Indian breed. The cross cw, too, comes 
in calf regularly and the calf can be weaned without diffi- 
culty. 

The following table shows the yields of two cross cows, 
Jill, belonging to the Militarj' Dairy, Bangalore, and 
Alibi at Pusa (Plate III). 


Table X. 


Jill (Bt^oAuiSE) ! Aubi (Puba) 


Lactation period 

1 

Number of 
; days in 

1 milk 

Yield in lb. 

j 

Number of 
days in 
milk 

Yield in lb. 

^ 1 

l^rst ■ • • • » I 

1 347 

7,979 

304 

7,271 

Second . • . • « 

1 306 

8,031 

301 

7,989 

Third 

282 

9,457 

... 

... 

Pogrth 

303 

11,329 

... 

... 

Fifth . ; ... 

366 

13,564 

•• 

... 






PLATE III. 
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Total days from first calving of Jill to day prior to 
last calving, 1,944. Total yield, 50,360 lb. Daily average, 
25-90 lb. Present yield from 21st March, 1918, to 31st 
October, 1918, is 9,800 lb. and still doing 30 lb. daily 
(October 1918). Per cent, butter fat, morning 4-44, even- 
ing 4*46. 

From 1st April, 1920, to 30th July, 1920, Alibi has 
given 5,228 lb., giving an average daily yield of 43*2 lb. 
milk and is mw giving 38 lb. milk per day. 

It is obvious that cows of this type are enormously 
valuable. A cow giving 10,000 lb. milk in a year with the 
retail price of milk at 2 seers to the rupee is worth taking 
some care of. With reference to the comparative quality 
of the milk of the cross bred and Montgomer}’ herds the 
average of a number of bulk samples showed about the 
same high content of butter fat for the two, riz., 4*6 per 
cent. 

Much criticism has been evoked on the subject of cross- 
breeding on the score of susceptibility to disease. This, 
however, is largely disamnted by actual experience at the 
military dairies where rinderpest has been successfully 
combated by the method of simultaneous inoculation. 
Other cattle diseases are not nearly so dangerous. The 
main line of work in this connection is only at the begin- 
ning, viz., the selection of a fixed type from among the cross 
breds. The ideal type of animal would combine disease 
resistance derived from the female side witli the milk yield 
derived from the Ayrshire stock. To make headway with 
this work large numbers are essential and the addition of 
other stations is required. 

IX. Sales. 

A sale of surplus stock was held in March and was well 
attended. Thirty liead realized nearly Rs, 7.000. 

X. Staff. 

The stair of the Agricultural Section, Pusii, though very 
short-handed, worked with i?reat zeal during the year. 
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XI. Programme of work for 1920’2L 
Major, 

I. Co-ordination of work in the various Agricultural 
Departments by touring, etc. 

II. Practical treatment of the Pusa Farm with special 
reference to suitable, modern machinery and the economic 
results thereof. 

III. Practical treatment of the Pedigree Dairy Herd 
and the fixing of a cross bred type of milk animal. 

IV. Experiment work in collaboration with the various 
scientific Sections at Pusa as mentioned in the various sec- 
tional reports. 

V. Rotation and fertility experiments on a field scale 
and the trial and acclimatization of new crops. 

VI. Demonstrations and sales at Pusa. 

Minor. 

VII. General advisory work of an agricultural nature. 
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REPORT OF THE IMPERIAL AGRICULTURAL 
CHEMIST. 

(J. Sen, M.A., Ph.D.) 

I. Administration. 

Dr. W. H. Harrison was in charge of the Section till 
the 30th April when he proceeded on leave. After that I 
have been appointed to officiate in his place. 

II. Education. 

Mr. A. K. Mitra, B.Sc., stipendiary- student of the Bihar 
and Orissa Government, completed his course of training 
in agricultural chemistry in March. 

Mr. K. M. Banthia, B.Sc., stipendiary student from 
Ajmer-Merwara, underwent a training in general analyti- 
cal methods for three months in this laboratory. 

III. Meteorology and dr.ain-galges. 

The usual meteorological records were mainteiped. The 
crops and drainage waters from the drain-gauges were ex- 
amined in the usual manner. 

• 

IV. General .an.alytical work .and assistance 

GIVEN TO OTHER SECTIONS. 

A. The following samples were analysed and reported 
upon during the year : — 


Soils 

37 

Manuivs 

. 24 

Feeding stuffs 

22 

Sup^arcanos 

^ GO 

Milk . 

8 

Cotton seeds , 

..... ^0 

Waters . 

2() 

Paddy husk ashes . 

o 

Inseeticide 

1 

Fungicides 

2 

Fire clay 

1 

Slaked liuje . 

• 1 
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Stomach contents and livers of bulls . . 3 * 

Miscellaneous 2 

229 

Among the items of interest in this connection were 
samples of the commercial iiisecticides known as Polvo and 
Katakilla, Polvo is a powder which upon microscopic ex- 
amination is shown to be of vegetable origin. The aqueous 
extract consisted largely of dextrinoid, resinoid matters 
with some small proportion of tannin. No specific alka- 
loids could be detected and the active principle appeared 
to be a sapotoxin. This was confirmed by its isolation and 
reactions, both chemical and biological. There appeared 
to be about 0-97 per cent, present in the sample. KatakilUi 
seemed to be a mixture of Polto with soap. 

B. The following assistance was rendered other 
Sections : — 

Agricultural Section. Forty-four samples of sugar- 
cane, 15 samples of manures and 4 samples of 
feeding stuffs were reported upon. Eight 
samples of milk of pure and cross-bred cows 
were also analysed. 

Botanical Section. One sample of soil was analysed 

Entomological Section. One sample of sodium arse- 
nate was examined. 

Mycological Section. Two samples of fungicide were 
reported upon. 

Indigo Re.^earch Section. Two Siunplcs of manures 
were analysed. 

Cotton Specialist's Section. Forty samples of cotton 
seed were examined. 

Sugar Bureau. Sixteen siimples of sugarcane were 
analysed for the Secretary, Sugar Bureau 

Imperial Bacteriological Laboratory. Two samples 
of feeding stuff and three specimens of the 
stonaach contents and livers of hill bulls were 
examined for the Director and First Bacterio- 
logist^ Muktesar. 



INSTITUTE, PUSA, FOR 1919-20 


33 


C. The exaniiiiation of the soils of the experimental 
plots in the Punjab Field was completed. The results were 
submitted by Dr. Harrison in December 1010 to the Com- 
mittee appointed by the Board of Agriculture to review 
the permanent manurial and rotation experiments at Pusa. 
These experiments, which were started in 1008, were de- 
signed to find out the specific effect on soil fertility of the 
more important organic and chemical manures, alone and 
in various combinations, in a 2-year 4-course rotation. It 
was also sought to determine how far soil fertility, is affec-t- 
ed by growing in rotation, leguminous crops (1) removed 
from the land, (2) returned to the lain! in tlie sliape of green 
manures. The results obtained are noted below. 

The effect of airpUcntion.^ of oratutic mo mi res, Biilkv 
organic manures have a very ap|)reciable effect in increas- 
ing the total crop, but whereas witli cereals the proportion 
of grain is materially incTeased, the reverse is the case with 
rahar {Cajnnos indicus). The residual effect of rape cake 
is inappreciable on the second crop, although its effect on 
the crop to which it is a])plied is very marked. Rape cake 
is therefore not as effective as farmyard manure wlion tlie 
application is onlv once in a full cropping season. 

The effect of mineral manures. Of tlie manurial con- 
stituents nitrogen, potash ^nd jdiospboricacid when applied 
alone, the last is the only one whieli gives a distinctly 
positive reaction in Pusa soil, but tlie combination of all 
three gives the best results to the crop to which it is ap- 
plied. In the case of cereals tlie use of phosphoric acid 
increases the proportion of giain, but in the case of rahar 
all manures increase the proportion of green matter. 

The effect of jailse crops in a rotation. It was noted 
that the benefit due to the inclusion of legumes in the rota- 
tion is positive so far as the yield of grain is concerned, 
but the increases obtained are not of great magnitude and 
there is practically no change in the weight of straw pro- 
duced, In the ca^e of rahar, the addition of a shallow- 
rooted legume to the rotation resulted in slight decrease. 
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The effect of green manures. The very definite deple- 
tion of the yield of rahar under the influence of green- 
manuring — even Avhen in conjunction with superphosphate 
•—is xery remarkable, but it receives some confirmation from 
the observation recorded above that the introduction of a 
second leguminous crop led to a slight reduction of the 
yield. It would almost seem that as if the use of green 
manures in conjunction with a leguminous crop of the typo 
of rahar were deleterious. It is desirable that this point 
should be tested more rigorously. 

Regarding the cereal crops the returns are very definite 
and distinctly demonstrate tl^e great benefit derived from 
green manures, even in purely cefeai rotations. The in- 
troduction of a legume into the rotation gives only a com- 
paratively small increased benefit. The outstanding 
feature is, however, the value of a combination of green 
manure and superphosphate. 

V. MeTHOUS of AXALVSrS. 

As recotiiiueuded by the iliemists’ Conference hehi iiy 
February 1919. an investigation of the methods of analysi'^ 
of nitrogen and phosphoric acid in manures and fertili/r 
has lx?en undertaken at Pusa. Ease of manipulation to- 
gether with the period of time involved in the estimations 
is being taken into consideration along with the accuracy 
of the results obtained. The results obtained so far are 
recorded below. 

Nitrogen. KjeldahCs original method for the estima- 
tion of nitrogen, and the various modifications which have 
been proposed by dill'erent workers are being closely studied 
in this laboratory. It has been found that in Kjeldahi's 
method where no potassium sulphate is used, as well as in 
Gunning method where no copper sulphate or mercuric 
oxide is used, the thne taken for boiling is long. In the 
methods where both copper sulphate and mercuric oxide are 
used to hasten the decomposition, the chances of oxidation 
are generally better, but it is still possible to get good re- 
sults in some of the methods where only one of these is used. 
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The results of experiments so far tried indicate that rapid 
and accurate determinations may be made by the Kjeldahl- 
Gunning-Arnold, by Dyer’s modification of Kjeldahl 
method and by the Gunning method as followed at Pusa. 

Phosphoric acid. In all the methods tried the results 
obtained were compared with the figures obtained by the 
standard magnesia method. Mention may be made here of 
tlio melliods wliich appear to be pinmising amongst those 
studied so far. The l^emberton-Kilgore method which is 
the one in il^jC in tliis laboratory gives accurate figures. In 
the case of substances like superphosphate, ashes, etc., the 
phosphoric acid can also he quickly and fairly accurately 
determined by titration with standard alkali. The pro- 
cess consists essentially in rendering the solution of phos- 
phate just neutral to methyl orange, adding an excess of 
neutral calcium chloride and then titrating until alkaline 
to phenol-jdithalein. The volumetric estimation of phos- 
phoric acid by silver nitrate solution has its limitations but 
it is capable of \ ielding good results under certain condi- 
tions. 


VI. The retentio.v of soluble phosphates in 

UALCAHKOrS AND XON-UALCAREOCS SOILS. 

The investigations in regard to the retention of phos- 
[)horic acid in calcaret)us and non -calcareous soils referred 
to in previous years’ reports have now’ reached a stage 
which lias enabled Dr. Harrison to submit them for publi- 
cation. Consequently, a lu'ief suminarv of the whole in- 
vestigation is now’ given. 

It used at first to be maintained that the retention of 
soluble phosphoric acid of superphos]diate by the soil is 
simply due to the precipitation of phosphate of lime and 
later on of phosphates of iron and alumina. The precipi- 
tated phosphate being exceedingly finely divided and being 
thoroughly disseminated in the soil was accounted to pro 
vide a continuous supply of phosphoric acid to the roots of 
the growing plant. Evidence, however, soon accumulated 
which tended to show that this simple explanation did not 

n 9 
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entirely agi^ee with observed facts. The retention of phos- 
phoric acid by the soil is not satisfactorily explained on 
the purely chemical grounds and, in all probability, the 
physical phenomenon of adsorption is an important 
factor. Adsorption is an instantaneous process, and c'on- 
sequently under conditions which obviate any possibility of 
the formation of insoluble compounds, may be looked upon 
as the factor governing the range of distribution of the 
phosphoric acid through the soil and the availability of the 
retained phosphate. On the other hand, the introduction 
of a secondary factor such as the formation of insoluble 
calcium phosphates must considerably modify the result, but 
the magnitude of this modification must depend largely 
upon the rapidity of the reaction concerned. It is con- 
ceivable that if, for instance, the rate of reaction between 
mouocalcic phosphate — the chief constituent of super- 
phosphate — and calcium carbonate is very rapid tlie range 
of distribution through a soil will be limited, t'onverscly, 
given a very slow rate of reaction the distribution will, be 
wider. Evidence on this point is conflicting and it is im- , 
possible to formulate with any degree of certainty the 
probable course of events in highly calcareous soils such as 
are found in Bihar and other [>ortions of the G angelic 
alluvium. It therefore appeared desirable to investigate 
the predominating factors governing the distribution of 
soluble phosphates through calcareous and non-calcareous 
soils. 

A study of the reaction between calcium carbonate and 
monocalcic phosphate showed that this is an extremely 
rapid process resulting in the formation of the compara- 
tively insoluble dicalcic phosphate. The latter in turn 
slowly reacts with further quantities of calcium carlxmale 
forming tricalcic phosphate. During the course of reac- 
tion carbon dioxide gas is produced which by increasing 
the number of calcium ions in solution reduces very 
materially the quantity of phosphoric acid formed in solu* 
tion. Consequently, with calcareous soils the importance 
of cultural conditions which will tend to keep the CO^ con- 



INSTITUTE, PUSA, FOR 1919-20 


37 


tent of the soil gases at a inininiuni and thus permit of a 
greater concentration of the phosphoric acid in the soil 
solution is apparent. 

From what has been noted above about the action of cal- 
cium carbonate on a solution of monocalcic phosphate it 
would appear probable that this reaction must play a promi- 
nent part in calcareous soils in retaining those forms of 
soluble phosphates which are capable of reacting, but that, 
on the other hand, the effect of this chemical retention would 
be at a minimum in non-calcareoue soils, and in these cir- 
cumstances adsorption may l>e the limiting factor. It is 
of the utmost im])ortance to determine which of these modes 
of retention is the predominant factor in the two types of 
soil for not only must the “‘availability’' of the retained 
phosphoric acid be very dissimilar in the two cases, but the 
distribution through the mass of soil must also be very’ 
different. 

With this object in view parallel senes of experiment ■ 
were carried out with a Pusa soil, representing highly cal- 
careous soils, and a soil from Kalianpur which is almost 
devoid of lime. Those showed that the phosphoric acid of 
superphosphate is mainly retained through adsoiption in 
non-calcareous soils, whereas the retention is mainh due to 
other causes in the case of calcareous soils. Support to 
the conclusion that tlie retention of superphosphate b\ cal- 
careous soils is due to chemical combination is lent by the 
behaviour of solutions of di- and tri-sodium phosphates 
with the type soils. In these latter cases no chemical re- 
action could be demonstrated between calcium carlionate 
and the sodium phosphates and the retention here obeys the 
adsorption laws. 

The rapidity of the reaction between superphosphate and 
calcium carbonate lends very strong support to the hy- 
pothesis that this reaction must be the determining factor 
in the retention of phosphoric acid under conditions m 
which it can occur. If this is correct, then it wou appear 
that when superphosphate is applied to a calcareous soil 
comparatively insoluble calcium phosphates are im- 
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mediately formed in sitn^ thus limiting the distribution of 
the phosphoric acid through the soil and causing the 
superphosphate to have a very localized value. On the 
other hand, in non-calcareous soils it would appear probable 
that the range of action would be wider and the distribu- 
tion more uniform throughout the mass of the soil. To test 
this, the distribution of the phosphoric acid of dificreru 
phosphates by percolation through columns of the type soils 
was studied. The results showed that the distribution of 
superphosphate through a non calcareous soil is of an 
uniform ty[)e. The phosphoric acid penetrates to a con- 
siderable depth and consequently the effect of applications 
of superphosphate to such soils is widespread. On the 
other hand, the distribution of superphosphate in the case 
of calcareous soils is of a non-uniform type, the ma jor por- 
tion of the phosphoric acid being held in the top layers of 
the soil. Consequently, the application of superphosphate 
to these soils has a very restricted effect and has therefore 
probably much less efliciency than equivalent amountvS ap' 
plied to soils of the opposite type. In proportion to the 
amount of superphosphate applied to the columns of sml. 
the soil solution of calcareous soils contains a mucli less 
concentration of phosphoric acid than in the case of mm- 
calcareous soils. In the light of present knowledge this (an 
only mean that the phosphoric aciti retained is in a much 
more available form in the latter soils. 

It has further been found that the presence of even a 
per cent, of calcium cart>onate in a non-calcareous soil 
restricts the di fins ion of the phosphoric acid of sujier- 
phosphate. In fact, in such a case the phosplioric acid is 
practically completely retained in the to])-few inches. This 
shows that calcium carbonate is the determining agent. 

On the other hand, it has been demonstrated that the 
(ii.stribution of the phosphoric acid of lho.>e soluble ]>hos- 
phates which are without action on calcium carbonate, 
through a column of soil is of an uniform type even in 
highly calcareous soils, and that the phosphoric acid pene- 
trates to a considerable depth. It would, therefore, seem 
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-very probable that such phosphates would be more cfbca- 
^eious than superphosphate in calcareous soils. This point 
is under investigation. 

From the above it will l>e scon that the phosphate 
manuring of calcareous soils is obviously a very different 
problem to that of non-calcareous soils and requires special 
study. 

VII. The windrow ixg of sue arcane. 

An account of the work done at Peshawar on tlie wind- 
rowing of sugarcane has been submitted for publication. 
The investigation has further been continued in the 
laboratory during the past season. Samples of cane were 
cut into pieces and, after paraffining the cut ends, these 
were kept in desiccators. On examining these later on, it 
was found that the sucrose did not fall ofT but that, on 
the other hand, there was generally a slight increase of 
cane sugar. On wetting the canes which have been thus 
wind rowed by desiccation there was a fall in sucrose 
content. It wdll be remembered tliat under field conditions 
at Pesliawar there was noticed a similar increase of sucrose 
in the windrowed canes and tliat after a rainiall a dete- 
rioration of the canes sot in. Canes are thus seen capable 
of being windrowed at Pusa vdiorc the temperature con- 
ditions are much higher than those obtaining at Peshawar. 
It appears that moisture Is probably one of the important 
factors involved in these changes. Tn the lalroratory, 
samples of canes were further examined inuler difterent 
conditions and the results obtained tend to sho^^ that the 
transformations of sucrose are caused by agencies which 
are present inside the cane and that enzymic actiMtic^ aie 
close! V connected with tlicse ])henomcna. This point ib 
under further investigation. 

VIII. The excretion of toxins from the roots of 

PLANTS. 

The wmter culture experiments detailed in the Pusa 
Memoir, Vol. IT, No. 3, Botanical Series, Note on a toxic 
excretion by the roots of plants' were supposed h\ the 
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author to support the view that the roots of crop plants 
excrete toxic substances. It may, however, be noted that 
these experiments were performed with ordinary well 
water and without any control tests, and that the method 
of experiment led to a considerable evaporation of water 
and a corresponding concentration of the dissolved salts. 
This being the case it was felt that the evidence was not 
conclusive and that a repetition of the experiments under 
more stringent conditions was desirable. With this olv 
ject in view the same scheme of experiment was repeated 
with the exception that a synthetic nutrient solution was 
substituted for the well water, and '‘control tests'’ were 
introduced to check the results. The nutrient solution used 
was that of Knop. 

A large number of wheat, rahar and gram seedlings 
were grown in this nutrient solution, and at the end of a 
certain period the solution was allowed to evaporate spon- 
taneously until its volume was reduced to about one-eighth. 
The blanks were allowed to evaporate to one-third to one- 
fourth the original volume. Jars containing nutrient 
solution but bearing no seedlings were also treated in an 
identical manner, and constituted the “ blanks/' Seedlincs 
were then introduced into these concentrated solutions, 
supposed to contain the excretions of plant roots, and the 
progress of crops grown in them was recorded. The 
results are noted below : — 




CnOFS WHICH HAD FR£Vl0C9LY ; 
OBOWN IN THE WATEB 

Distilled 

water 

Ufopa (of which progresa is indicated) | 

1 Wheat 1 

Rahar 

Oram 

BUnk 

1 

Gnm < 

r Period (in days) after which ' 
withering commenced 

9 

8 


7 

11 

1 

[Transpiration (in grams) . 

[ Perioa (in days) after which 
withering commenced 

lo-4 

13-8 


9-5 

17-7 


15 

21 

21 

17 

i 

39 


L Transpiration (in grams) 
j Period (in days) after which 
[ withering commenced 

150 

I 22-9 

17*5 

21-5 

32*3 

Wheat 

i 

41 i 

1 


36 

48 


(^Transpiration (in grams) 

543 



31-0 

54-0 

Total solida per 100 c.c. of water at 
the end of the experiment 

0-269 

0154 

: 0-226 

0-382 

nit 
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From the above table it is evident that, in general, the 
seedlings grown in ‘Svheat,'' ‘‘ gram,"' and rahar’’ water 
throve better than in the ‘ blank test’’ solution, and that 
seedlings grown in distilled water fared best. These ob- 
servations led to the conclusion that the positive results 
obtained in the experiments recorded in the memoir were 
probably due to the concentration of the salts present in 
the ^Yell water and not to toxic excretions. This is con- 
firmed by an examination of the figures for the ‘'total 
solids” in the solutions. The concentration of ''blank” 
winter in which the seedlings grew' the w'orst w’as the 
highest, whereas the best results w'ere obtained in the dis- 
tilled water. The results obtained from the other 
“waters” w'ere intermediate in character and approxi- 
mately proportionate to the concentration. In short, the 
present series of experiments point to the conclusion that 
increased concentration of any solution tevond a certain 
limit leads to a toxic effect by some or all of the component 
salts present in the solution. The strength of the solution 
in the original experiment recorded in the memoir work"^ 
out approximately to 112 per cent., a concentration \yhich 
no doubt will prove toxic to any plant.' The presence of an 
alkaloid which the author inferred was the character of 
the excreted toxins could not be demonstrated in the pre- 
sent experiments, and consequently it is only possible to 
conclude that the effect which had l)een ascril>ed to toxic- 
excretions, is in reality due to the high concentration of 
salts in the solution employed in the final stages of the ex- 
periment. An account of the ])resent experiments which 
have been carried out by Mr. Mukerji has been submitted 
for publication in the “ Agricultural Journal of India. 

IX. Carbon dioxide in soil air. 

Periodical determinations of carbon dioxide were made 
in the soil air of three plots in the Botanical Area. Of 
these the first plot w'as grassed down, the second was 
grassed down but wms partially aerated by trenches, and 
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the third was kept surface-cultivated. The results are 
recorded below 

percentage of CO^ in the ^oil ga^ from three different plots tn the 
Botanical Area. 


Date aad the month when the soil gas 
was aspirated 

PIotNV 1 
grassed 
down 

Plot No. 2 
grassed 
do^m hut 
partially 
aerated 
with tren- 
chea 

Plot No 3 
surface 
cultivated 

Rainfall in 
inches 
since the 
last analy> 
sis was 
made 

I3th, I4th and ITth January, 1910 

0-444 

0*312 

0-260 


20th and ^Ist Febnmry, 1919 

0*472 

0320 

0-253 

1 30 

21st and 22nd March, 1019 

0-427 

0-223 

0-197 

003 

23rd and 24th April, 1919 , 

0-454 

0-262 

0-203 

1-36 

I6th and ITtb May. 1010 . 

027 1 

0-257 

0*133 

0-57 

17th and ISth June, 1919 . 

0-341 

0-274 

0249 

1-27 

17th and 18th July, 1919 . 

1-540 

\-m 

0*304 

10-03 

2oth and 26th August, 1919 

i-:)90 

0-S3C 

0 401 

8-63 

19th and 20th September, 1910 . , 

1-910 

0-931 

0*450 

j 

7-33 

2lst and 22nd OetoWr, 1919 

1-297 

' 0-6‘>2 

' 0 3»j5 

2*23 

14th and 15th NoveniWr, 1910 

OS.33 

0- 456 

0261 


22nd and 23rd IVcem her, 1919 . 

U 398 

j 0 327 

1 0-219 

0-02 

19th and 20th January, 1020 

0-342 

0-250 

0-186 

0 o2 

24tb and 25th February, 1920 

0382 

0-342 

0238 

1-70 

19th and 20th March, 1020 

0- 457 

0-38.3 

0-230 

KK) 

16th and ITth April, 1920 . 

0-3i>7 

tk-321 

0-222 

n-11 

19th and 2tn,h May, 1020 . 

0-385 

0 315 

0-236 

0-32 

22nd and 23rd June, 1920 . 

0 5M 

1 

0-52 1 

0-275 

221 


It will be seen that the percentage of carton dioxide in 
the soil air is highest in the grassed plot and lowest in the 
cultivated plot, the air in the soil of the trenched plot being 
intermediate in composition. During the first six months 
of the year 1919 the carbon dioxide in the air of the grassed 
plot was between 0*5 to 0*3 per cent., that in the trenched 
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and cultivated plots being 0-3 to 0 2 per cent, and 0-3 to 
0*1 per cent, respectively. There was a sudden rise in the 
carbon dioxide* in the months July to September. In the 
grassed plot it rose to T5 to 2 per cent., in the trenched 
plot to 1*0 to 0*9 per cent., and in the cultivated plot to 0-4 
to 0*5 per cent. This rise seems to be connected with the 
rainfall and with the movements of the soil water level. 
From the month of October there began to occur a fall in 
the carbon dioxide cx)ntent, this Ixnng 1-3 to 04, 0 6 to 0-3 
and 0*4 to 0'2 respectively in the three plots. These rises 
and falls were most pronounced in the grassed plot and less 
so in the trenched plot. The variations w*ere of the least 
magnitude in the cultivated plot. The hgures obtained 
during the year 1920 agree very closely with those of the 
previous year. 

X. Tobacco experiments. 

Determinations of the dry matters of this season’s 
tobacco have confirmed the observations noted in the pre- 
vious years that the yield of leiives in the case of topped 
plants” is as good or even better than that in the case of 
“ spiked ” plants; as regards stems, the yield in case of the 
topped ” is much higher than in that of “ spiked ’ plants. 

XI. Taudy manuhtal experiments. 

A series of experiments with local paddy were carried 
out to compare the effect oi ammonium sulphate used as a 
manure alone and also in combination w*ith green manures. 
It was found however that- so long as phosphate manures 
were simultaneously applied an increasing dose of nitro- 
gen gave, increased yields up to 160 pounds nitrogen to the 
area" Beyond that' point there is a falling off and with 
320 pounds the yields arc little better than with no nitro- 
gen at all The teiulcney w*as for small doses of nitrogen 
to increase the proportion of straw* to that of grain, but 
with 80--160 lb. to the acre the increase in grain was 
greater than that of straw* and, consequently, the most eco- 
nomical application would appear to be between 80 160 
pounds of nitrogen. 
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Green manure used alone gave an increased total crop 
of 65 per cent, but, notwithstanding this, when used in con- 
junction with ammonium sulphate it had no appreciable 
effect. 

The employment of ammonium sulphate as a manure 
resulted in a considerable increase in the percentage of 
nitrogen found in the grain, and the increase \vas ap- 
proximately proportional to the amount of nitrogen added 
as manure. The actual variation was 1T5 per cent, of 
nitrogen in the grain from the no- manured pots to 2*39 per 
cent, nitrogen in that from the pots manured at the rate 
of 320 pounds nitrogen per acre. This very interesting 
point is being subjected to further investigation. 


XII. Programme of work for 1920-21. 

Major subjects, 

1. Continuation of the investigations into the amount 
and nature of drainage water from tallow and cropped 
land. 

2. The influence of manurial treatment of the soil on 
the composition of crops. 

3. The mode of action of phosphatic manures in calca- 
reous and noH-calcareous soils. 

4. A laboratory study of the changes occurring in 
windrowed cane. 


Minor subjects, 

1. Checking the accuracy of certain methods of analysis 
in confirmation to the general scheme drawn up at the Con- 
ference of Agricultural Chemists. 

2. A study of the conditions governing the formation 
of black alkali in soils irrigated by calcareous water. 

XIIL Publications. 

Harrison, W. H. . Report on Agricultural Chemistry, 1918-19, 
for the Board of Scientific Advice. 
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Harrison, W. H* 


Harrison, W. H. and 
Das, S. 


Harrison, W. H. and 
Sanyal, P. B. 


Mukerji, J. N. 


The gases of swamp rice soils, Part VI. 
Mem. Dept, oj Agri. in India, Chem. 
Ser., Vol. V. Xo. 8. (In the press.) 

Tlie retention of soluble phosphates in cal- 
careous and iioii-calcareous soils. Mem. 
Dept, of A(jri. in India, C7tcw. Her., YoL 
V, No. J). [In the press.) 

The effect of windrowing on the composition 
(d‘ sugarcane. Mem. Dept, oj Agrl. in 
Dxhti, Che ft! . Ser., Vol. V, No. 10. {In 
t}(e press.) 

Tlie cNcretion of toxis from the roots of 
plants. Af/ri. Jour, of Indin, Vol. XV, 
Pt. 5. [In the press.) 
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REPORT OF THE IMPERIAL ECONOMIC 
BOTANIST. 

(G. P. Hector, M.A.,B.Sc.) 

1. Introduction. 

Mr. Howard held charge of the Section vip till Deceinber, 
when he proceeded on 11 months’ combined leave, accom- 
panied by Mrs. Howard, Second Imperial Economic 
Botanist. I took over charge of the Section on 20th De- 
cember and held charge for the remainder of the year. 

In 1919 the hot-weather de{)ulation of Mr. and Mrs. 
Howard to Quetta, for the purpose of developing the fruit 
industry of Baluchistan, terminated. The work has been 
handed over to the Local Administration. 

The following are the main items of work which have 
been in progress. 


11. Whk.\t, 

In the Botanical Area, work on wheat during (he past 
season lias been confined to the growing of large areas of 
P 12, 4 and P 6 as a nucleus of pure seed for fiistribution 

purposes, and to a trial of P 53, a new rust-resistant wLoat 
produced by Mr. Howard by crossing on P 0, against V 12. 
to test its relative yielding capacity. The revsult of this te.st 
was as follows": — 


No. of plot 

V'ariety 

A rva 

.\ctual out* 

iru 

PeratToouUuin 

1 j 

P 12 

0-09 

m. ii. 

1 22 

(h. 

8 

m. 

17 

!<. ch. 

U 0 

2 ! 

V 53 

0-18 

ri 12 

H 

18 

IG 0 

3 i 

P 12 

iym \ 

\ \ 

l 30 

8 

19 

18 0 


As a result of a severe rain-storm in January, P 53 
lodged very badly, while P 12 did not suffer so much. All 
plots had black rust moderately. 
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In October 1919, seeds of the new Pusa wdicats Nos. 46, 
47, 48, 50, 51, 52, 53, 54 were sent to Mr. Burt, Deputy 
Director of Agriculture, Cawnpore, and have bee]i undi.^]' 
trial the past season at the Caw^npore, Kalianpur and Shah- 
jahanpur farms. 

Mr. Burt reports that as the areas were small and the 
experiment somewhat upset by two canal failures, the re- 
sults are not sufficiently dependable to enable strict com- 
parison with Pusa 12 to be made from the results of one 
year only. They indicate, however, taken in conjunction 
with the appearance of the standing crop, that several of 
tiie hybrids are very promising. Mr. Burt states that it 
seems likely all the wheats of the 50 — 54 series will be 
higher yielders than P 12. They possess stronger straw 
and hold their grain l>etter. 

Exjieriinents were also conducted on P 12 to test the 
effect of varying irrigation and cultivation on yield and 
quality, but the results are not available for this report. 

No large distributi(.n of seed in bulk from outside 
sources has lK.vn made this season, but alxuit 114 maiinds 
of pure seed from the Botanical Area supply have been sent 
out to ikUmi 40 different apidicants. 

Spread of Pu^a wheats. In the l-nited Provinces, Mr. 
Burt reports that the systeniatic introduction of P 12 wheat 
in the Doab and Oudh portions of the Central Circlt is being 
continued in co-operation with zemindars. Court of Wards 
estates and co-operative societies. Two District Boards 
lia\e undertaken seed-storage scliemes of considerable mag- 
nitude during the year, the main item in each case being 
P 12. In the Allahabad Division, a feature of the past 
year’s work has l>een an increase in the number of cultivat- 
ing zemindars growing considerable areas of this wheat. 
This is said to have matenally assisted the seed-supply 
problem. 

The introduction of P 4 in the canal-irrigated tracts of 
Bundelkhaiui is also being continued, and progress is only 
limited by the amount of seed which tlie staff can handle 
and the amount of pure seed available. A special siinpli' 
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fied Taqavi procedure for the supply of P 4 seed in the 
Cawnpore Division has recently been approved by the Com- 
missioner. 

Mi\ H. E. J. Peake, Solan Brewery, reports excellent 
progress from the Simla Hills, and the following Hill States 
are said to have introduced P 12 with success -Keonthal 
State, Junga; Baghal State, Arki; Baghat State, Solor; 
Patiala State, Patiala; Sirmoor State, Nahan. 

These States comprise the majority of the Stales in the 
Simla Hills, and with the exception of Patiala all the States 
^^)eak most highly of this wheat. The acreage in Sirmoor 
is said to be roughly 600 acres, and the Chief Secretary of 
SirmcK)v State reports that it is their intention to extend 
P 12 this coming year towards Dehia Dun. In two or three 
years there will probably be nothing but P 12 in the whole 
of Sirmoor. This result is largely due to the trouble and 
keen interest taken by Sardar Xarain Singh, Cliief Sm re- 
tary. It is also reported that P 12 sold in the market for 
annas 10 more per niaiind than the local wheat. 

Pusa ^vheats in d nstndia. With reference to the sj^read 

Lhisii wheats in Australia, the follow incr occurs iu the 
report of the judges of the Royal Jubilee Show held at 
Sydney, Australia, in March 1020 ; 

“ A sample of the Indian wheat, Pusa 4, exhibited by 
Mr. W. H Scholtz, of Hilgandra, is worthy of mention. It 
yielded a percentage of excellent colour flour of 53 quarts 
to the sack strength, which was the highest water absorp- 
tion of all the flours tested in the competition.” 

In the exhibit of strong wheats, Mr. Scholtz again stood 
first with an exhibit of Pusa 4, an achievement for the In- 
dian wheat, and in the class for 5 strong flour varieties, Mr. 
Scholtz also stood first, two of his five being P 4 and P 107. 

III. Indigo. 

Full details of the work on indigo carried on by the 
Imperial Economic Botanist at Pusa are being published 
as a Memoir. During the past season, work has been 
-confined to a continuation of observations on plants grown 
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in drained and undrained lysi meters, to the monthly ex- 
amination of root-development, and the continuation of 
work on seed-selection. 

Lysiinetef experiments. According to the investiga- 
tions of the Howards, indigo-wilt is nothing more than the 
effect of waterlogging and consequent lack of aeration. 
When there is heavy and continued rainfall, the water-level 
rises and the soil becomes waterlogged, the air supply to the 
growing roots and nodules of the plants is cut off, and the 
roots, consequently, cannot thrive. Hence the new roots and 
nodules begin to die off below and wilt appears atove. 

Evidence of this has been obtained by growing indigo 
plants in cemented lysi meters, [provided with drainage open- 
ings. In cases where the openings were closed, all the plants 
in the lysnneter got wilt, even when growing in soil which 
was rich in phosphate, and those with free drainage all es- 
caped, even when they were gi’owing in a soil poor in phos- 
jdiate. Observations on these plants growing in lysimeters 
are being continued for the second year, and the effect of 
drainage on the growth and the health of plant is still 
under observation. Field observations have afforded further 
evidence. The first sign of wilt in the Pusa Botanical Area 
^appeared last year (IIJIO) in the third week of July, /.c., 
when the water-level was highest. When the water-level 
went down, aeration was regained to some extent and the 
plants began to improve. The water-le^■el rose again in t lie 
first week of September, and again wilt appeared. 

Root-dervloinnent. Systematic monthly examination of 
root systems is being continued. It is iound that the 
nodule and new-root formation begins in April, but up to 
the break of the rains their formation is \'erv s:ow. >chui 
afterwards, they begin to grow quickly. A\ben the wmter- 
levcl begins to rise, new rcxrts and nodules are formed 
towards the surface, and the older, lateral roots begin to 
change their direction, turning upwards, till by the end of 
July their tips reach very near tlio surface of the soil, and 
almost all new roots and noditles are found in the upper 
three indies. Weak plants wliich cannot form new roots 
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in the upper soil quickly get wilt. In all cases of wilted 
plants, nodules have been found to be absent and new roots 
very few. 

As a result of Atr. Howard's investigatiorrs, five types 
of root-development have been recorded — 

(a) Early bush type, with all laterals at right angles 

and near the surface. 

(b) Early vertical type, with all laterals near the sur- 

face but pointing down. 

(c) Late bush type, with laterals at right angles, lioth 

near the sufface and extending to some depth. 

{d) A. similar type to (c), but with laterals pointing 

downwards. 

(e) No side branches, but tap root only. 

Type (a), has been found much less subject to wilt than 
the others, and in the 1919 root examinations every c<ase 
of wilt examined was found associated wdth deep-rooting. 

Seed selection. As mentioned in previous reports, Java 
indigo is not uniform, but consists of a mass of lieterozy- 
gotes differing widely in habit and character. This is due 
to the cross-pollination which takes place, owing to which 
selection by pure lines is not possible, as plants do not set 
seed under bag, and a system of mass-selection has there- 
fore to be resorted to. Some types are deep-rooted witli 
long tap roots, others shallow-rooted wuth surface roots. 
The habits above ground differ in similar ways, some being 
nun h more branched than others. There arc also differences 
in the maturity of plants. The object of the selection is to 
obtain early, surface- rooting, freely branching plants, 
which wull give good yields of both seed and leaf. A con- 
siderable amount of selection work has already been done, 
and some types are already being tested on an estate scale. 
Further selection work w^as started in 1917-1^ and is still 
in progress. In that year plants w^ere selected for their 
free-branching habit and high yield of seed and leaf, 
together wdth other desirable qualities, such as earliness ami 
surface-rooting. Seed of these selected plants was sown in 
August 1919 in separate lines. From these, 100 desirable 
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plants were chosen and arranged (in 1918-19), according to 
yield of seed, outturn of green plant at first and second cut, 
and condition of growth at the time of the second cut. 
Finally, the best were kept for sowing in iVugust 1910, and 
the process is being repeated. In this way it is hoped to 
bring the crop back to a type wdiich Avill thrive on the soil 
conditions of Bihar, giving gocxl yields of both seed and 
leaf, and showing a high power of resistance to wilt. 

IV. Lin-seed. 

For some years a large collection of Indian linseeds has 
been grown at Pusa, and a lot of Avork done on the pollina- 
tion, fertilization and classification of this crop, wuth the 
object of selecting superior types. During the past season, 
the main facts with reference to pollination and fertiliza- 
tion have been verified and the classification of previous 
years has been checked. This Avork has been carried out by 
Maulvi Abdur Rahman Khan, Second Assistant. Out of 
233 original kinds, 129 have been selected and are still under 
observation. These 129 have been grouped into 38 classes, 
arranged according to colour and size of seed, colour of 
flower and shape of petal. 

, The seeds vary from yelloAv to brown and are grouped 
into three main classes, viz,, (a) yellowy (M fawn, and (c) 
browm. Each of these seed -classes is again sub-divided into 
small-seeded, medium, anti bold, Avhile again within these 
groups there are blue and wdiitc-flowered types. 

Mucli attention has been paitl to the pollination of this 
crop. The details of tliis have already been described by the 
Howards (d/c;x. Dept, of .lyr. Didia, Bot. Series, X, Xo, 5, 
pp. 208-211, Dec. 1919). The floAvers open in the early 
morning, the actual tiine depending on temperature and 
Iiumidity, The anthers burst longitudinaily when the flow^er 
is half open, and at this time stand aAvay from the stigmas. 
Later, Avhen the floAver is full open and dehiscence of the 
anthers complete, they close in on the stigma and self-pol- 
lination is effected. In many cases it has been observed that 
twisting of the styles occurs after the anthers begin to 

e2 
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burst, and that this twisting helps to move round the burst 
anthers and thus bring the pollen-covered surface of the 
anthers into contact with the stigma. Cross-fertilization is 
rare, but by no means unknown, ^nd necessitates the bagging 
of seed in all exact work. 

From the results of this work it appears the Central 
Indian types, Imving a deep root system, do not form g(X)d 
seed in Bihar. Local types, having a shallow root system, 
thrive well and form good seed, but the seed is small and 
inferior. To improve the seed of Bihar linseed, it will 
probiibly be necessarj' to produce a new race by crossing 
between Bihar and Central India tyi)es. A tyi)e possessing 
a root system like the Bihar varieties and seed qualities like 
the Central India types is desirable. 

V. Tobacco, Grams, flimscrs. etc. * 

fohncco. Work on tolxicix) was restricted to tiie grow- 
ing of Mrs. Howard's selected types, fin* the maintcnaiuc 
of pure seed. Of these, ol were Sic of hum t<ih>fcum and 2i) 
Sicotiana rusticn. 

Besides these, over an acre of the scdcctcd type, Xf». 2^, 
was grown for seed multiplication, in order to obtain a large 
supply to meet the ever increasing demand for thi^ type. 
From 1*2 acres, 15 maumis 5 seers of see<l were olitaincil. 
sufficient to grow approximately 05,000 acres. In pre\ious 
years it has been foiind impossible to grow siillicieut seed of 
this type, owing to the difficulties of preventing cross-]K)h 
Unation, as other typt^s were Ixung grown in the •, icinily. 
This vear it was possible to allow the flowers to pollinate 
freely and set seerl right throughout the scasnn. so that a 
heavy seed crop was obtained. 

During the period under review approximately 2 maumis 
of seed, sufficient for about 12,000 acres, of tliis \\\ v li . 
been sent out, the largest quantities to the Imljan L(‘at 
Tobacco Development ( oinpaiiy, Dalsing Serai, and to 
Burma. 

Grams. During the period under review, the following 
types of selected Pusa grams were sown for observation ami 
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multiplication of pure seed. The types and yields obtained 
are shown in the statement. 


Area in acre 

Gram type 

Actual outturn 

Per acre outturn 

Remarks 



in. B, 

m. 3. ■ [ 


0-26 

■ 17 

1 

2 36 ! 

11 G 1 


0-20 

18 

2 20 

12 20 


0-3 1 1 

18 

2 36 !• 

9 14 


0'T5 

18 

7 8 

9 24 


0-37 

23 

3 28 

10 24 


0-15 j 

25 

1 27 11 7 1 


0-2G 

G 

0 8 ; 

0 31 j 

j 

So’RTi after indigo ; 
germination very 

[KK)r. 


The season was a very unfavourable one, and the yields 
are low. Seeds of all these types are now being largely dis- 
tributed, tlie quantity of seed available being quite insuffi- 
cient to meet the demand. During the period. ap])roxi- 
niately 15 maunds of seed of types 6, 17, 18, 23, and . 25 
have been distributed. 

Patwa {Hibiscus cannahtmis L.). Eight selected types 
were grown in tlie season under review for maintaining 
pure seed. Type 3, a medium-early, tali, straight form, with 
little tendency to branch and of robust growth, has been 
found the most suitable for fibre production, and has been 
under distribution for some years. One acre was grown 
during the year for seed production, and yielded 3 maunds 
’29 seers, and some 10 seei-s of seed have been distributed. 

Safflou'er. Twenty-four types (described in the Mem., 
Botanical Series, Vol. VII, No. 7) have again been grown 
during the year under report for observation and the main- 
tenance of pure seed. Besides these, several new types, 
selected from seed procured locally and from Dacca, were 
also under study. These seem now fixed in character and 
have therefore been added to the already existing types. 
The Dacca type^^ are spineless, and appear richer in dye 
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than the Bihar types, which are also all spinose, and for 
both reasons should be more valuable. 

During the ^ason, the crop of safflower was severely at- 
tacked by a fungus disease, identified by the Imperial Myco- 
logist as Rhizoctonia napi The first sign of disease ap- 
peared in the first week of January and the spread was 
continuous right through up to the seed-maturing stage. 
In the case of local Bihar types the attack was late and 
more pronounced, and consequently very little seed set in 
these t}pes. 

Yams, Eleven varieties of yams were received from the 
Straits Settlements last year and were sown with local yams 
for a comparative trial of yield and quality. Tlie tubers 
received were very difiercnt in appearance from the n)iii!uon 
local yam, suthni {Dioscoreafasiculnta Roxb.), 

To test the quality, some tubers of each variety, after 
boiling, were given to local people, and two varieties, No. 
2^8 and No. 290, were declared to be superior to tlie local 

suthni, and have again been sown for a further trial. 

VI. Rice. 

A considerable part of the time of the OHiciating Im- 
perial Economic Botanist has been spent in su[>ervisiiig 
work in Bengal on rice, in conjunction with the Acting Kco 
nomic Botanist, Bengal. This work has, for its main oh jei t, 
the selection, and production by crossing, of high yielding 
types, suitable for the various districts of the jiroviiue, 
together with the study of the varietal and field characters 
of types and of their inheritance on crossing. In addition 
to the types already under distribution, the department now 
has two other high-yielding pure-line types of transplanted 
paddy, suitable for distribution in the eastern districts, 
while a new selection at Chinsurah promises to replace 
Indrasail (Dacca No. 1) and the local Sagra. The problem 
in West Bengal is briefly to reduce the duration of higii- 
yielcling types, such as Indrasail, without materially 
decreasing the yield. Owing to the prevalence of a short 
rainfall in the latter end of the season, the types selected for 
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East Bengal are rather late for the western districts, and 
a paddy which will stand a shorter rainfall is required. On 
good rainfall, Indrasail is a heavier yielder than Nagra^ 
but Nagra flowers and ripens 7 to 10 days ahead of Indra- 
sail, and in a season of short rainfall and in higher, drier 
situations Nagra is a safer paddy to grow. Crosses between 
the two are under observation, and it is hoped selections 
from these will be an improvement on either parent. 

A large amount of work is being done on the inheritance 
of characters, particularly witli reference to the combina- 
tion of characters. These include such characters as earli- 
ness and lateness, size, shape, colour and consistency of 
grain, and various colour characters. Amongst coloured 
paddies, no fewer than 53 different colour combinations have 
been found with reference to the distribution of colour in 
leaf-sheath, nodes, glumes and stigma, and a number of 
reciprocal crosses between selected types of these are under 

obser^'ation. 

Further work in progress includes a study of the trans- 
piration of early and late ty])es of aus and avian paddy, 
with a view to determine whether there are varietal differ- 
ences in this resj)ect, and ultimately of determining whether 
the transpiration ratio can be reduced by manuring or other 
cultural methods. Any method of economising water with- 
out reduction in yield would be of great value in Western 
Bengal. 


VII. Jute. 

In conjunction with the Fibre Expert, Bengal, a study 
of chlorosis in jute has been undertaken in the Bolaiucal 
Area at Pusa. Chlorosis is prevalent in many varieties of 
jute throughout Bengal, particularly in the northern dis- 
tricts, and is responsible, where bad, for a reduction in 
yield of several maunds per acre. At first, it was supposed 
that a difference in root system was associated with chlo- 
rosis, healthy plants showing a strong development of sur- 
face roots, with little or no tap root, and chlorotic plants 
generally showing an absence of surface roots, and a tap 



56 SCIENTIFIC REPORTS OF THE AGRICULTURAL RESEARCH 

•root which ultimately shows a tendency to turn upwards. 
Further observations, however, appear to show that this is 
an effect of the chlorosis, and not a cause. As the water- 
level rises and the soil becomes practically waterlogged to 
verf near the surface in the rains, as in East Bengal, the 
healthy, well-nourished plants throw out more and more 
surface roots, till ultimately a bunch of surface roots is 
found close to the surface. The chlorotic plants, on the 
other hand, being enfeebled through their inability to syn- 
thesise carbohydrate, are unable to do this, and in conse- 
quence, in addition to being starved from al)ovc, are slowly 
asphyxiated from below. Finally, the tap root of such 
plants endeavours to turn upwards, away from the wet. A 
systematic examination of the roots is in progress with a 
view to determine this. 

Cultures grown at Pusa seem to show that the chlorosis 
is undoubtedly hereditary, seedlings of a few days old show- 
ing signs of it. The main facts so far proved are : — 

1. Chlorotic plants never breed pure, but always throw 

greens. 

2. Green plants may (as opposed to chlorotic) breed 

practically pure, but generally throw chlorotics. 

3. The percentage of chlorotics (whatever the parent is, 

green or chlorotic) is not constant. In the 
variety Kakyd Bamhai, in 1919, out of 42 plots, 
the percentage varied from 11 to 30, with an 
average of 21-5. 

4. By constantly selecting chlorotics and breeding from 

these, a race of practically pure chlorotics can 
be produced, and by constantly selecting greens, 
a race of practically [)ure greens can be pro- 
duced, but no absolutely pure race of either has 
yet been obtained. In chlorotic plots a few 
greens always appear, and in green plots a few 
chlorotics. 

The facts tend to show that it is possibly a case of 
nialenial inheritance, the disease being passed on tlirough 
the cytoplasm of the egg-cell. This cannot be definitely 
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proved till the results of crosses between chlorotic and green 
plants are available. A number of crosses made in Dacca 
last season were unfortunately destroyed in the cyclone, but 
the work is being repeated this season both in Dacca and 
Pusa. 

A form of chlorosis very similar to that in jute has been 
found to be prevalent in rahar [Cayinus indicns) in Pusa, 
and selections have been made for the purpose of further 
study. It is proposed to make further search amongst other 
crops. Chlorotic plants have been frequently noted in the 
species of PJui.seolus cultivated in East Bengal, and it is 
[) 0 ssibly a fairly frequent phenomenon. 

MIL Programme AND Pudlications. 

Pro(jrami}ie for 1920-21. Investigations will be conti- 
nued on the following crops on the lines of pievioiis years— 
wheat, indigo, tobacco, fibres, grams, oilseeds, fodder crops 
and fruit. 

Puhi lent ions. The following papers were published or 
written during the year : — 

]. Re[Hni fot' lUlS-19 o!i Rofaiiy for the Board of 

Sideiitilio Advioe, l)y A. Howard. 

2. Stutlies in (lio INdli nation oi Indian (’rup<, 1. l»v A. Howard, 

(j. li. ('. Howard, and Abdur Rahman Kliau. BoftiuicuJ 
Mcnifur, \hd. X, Xo. 5, l)o(‘einl)pr 1919. 

3. Thp “ Spike” Hisea^e of Reach 'trees: An example id nii- 

balaiired Sap-circulation, hv A. Howard, IJic Jiuhnn 
Ffur.'ifi-r, VoL XI.\\ Xo. 12, December 1919. 

4. Some Labour-saving^ I )e vices in Rlant-lueedin^, by A. 

Howard and (i. L. Howard. Aori. Jour. Indio. Vol. 
XV, Xo. 1. 

0. The I m proven unit of Fruit Packi]i^^ in India, bv A. Howard 
and (i. L. (\ Howard. .!,'///. Joor. Indio. Vid. XV, 
Xo. L 

fi. Some .\s]>ects of the lndi ^»‘0 Indu.strv in Bihar. Part I. 
'the Wilt Disease of Indijro. Part IL The factors 
under] vin^^ the setul production and ^mwth of Java 
Indigo, by Howard and (f. L. C. Howard, assisted 
by Abdur Rahman Klian and Chaudhari Ram Dhan 
Singh. Uoioninol Memoir. Vol. XL Xo. L (In the 
press,) 
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EEPORT OF THE IMPERIAL MYCOLOGIST. 

(E. J. Butler, D.Sc., M.B., F.L.S.) 

I. Charge and Establishment. 

I held charge of the Section throughout the year, except 
for the period from 1st May to 17th June, 1920, when I 
was appointed sub. pro-tempore Agricultural Adviser to 
the Government of India and Director of the Agricultural 
Research Institute, Pusa. Mr. G. P. Hector, Officiating 
Imperial Economic Botanist, held charge during this 
period. The work as Joint Director was unusually heavy 
last year owing to the development of proposals for the ex- 
pansion of the Agricultural Research Institute and the re- 
vision of pay of establishments due to changed conditions 
after the war, and left little time for mycological work. 
The Section further suffered by the absence of Mr. Da.stur, 
Supernumerary Mycologist, on deputation to England t rom 
the end of August 1919, and of Dr. Shaw, Second Im- 
perial Mycologist, on leave from 5th February, 1920. 

Towards the end of the year I was appointed Director 
of the Imperial Bureau of Mycology in London, and leave 
shortly to take up this post, Mr. W. McRae, Govcrnmei.t 
Mycologist, Madras, succeeding me as Imperial Mycologist. 

Mr. M. Mitra, M.Sc., who entered the Section as a 
private student last year, was appointed First Assistant 
from Ist April, 1920. 


11. Training. 

In addition to Mr. M. Mitra, mentioned above, Pandit 
S. D. Josht, a private student from the I nited Provinces, 
continued his post-graduate course and was granted a 
stipend by his Local Government. Mr. T. Padmanaldia 
Pillai, Mycologist, Travancore State, worked at laboratory 
methods during a period of one month from 5th lebruary, 
1920. 
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III. Diseases of Plants. 

(1) Black band disease of jute. The research work 
on this disease was continued by Dr. Shaw. In Bihar, in 
1919, the state of the jute crop was similar to that in 1918. 
A considerable portion of the seed-crop had, however, been 
sown as late as June and this was invariably clean and 
healthy. This confirms the observations made last year 
from the infection of the crop all over Bihar that the late 
sown crop is relatively immune. In the more early sown 
ai’eas the crop was only slightly diseased and not to an ex- 
tent which would seriously diminisli the yield. The condi- 
tion of the crop on the Dacca Farm by no means agreed 
with that in the previous season. Both the green and the 
red-stemme<l varieties of Corchorus (Aitorhis were attacked. 
The incidence of the disease was imt heaw and varied 
considerably in different fields on the farm. "The greatest 
damage seen in any oUe area was ])robably about ten per 
cent. The red stemmed C. capsularis was also attacked. 
These observations arc quite sufficient to show that neither 
the red-stemmed varieties of (\ cavsularis nor of C. oli~ 
toriiis were resistant to the disease. At Phinsurali Farm 
where the jute consisted of t lie same red and green varieties 
as at Dacca, the crop was very fine. a\eragiiig aiwut 14 feet 
in height, and there was not a single case of black band. 
At Rangpur the crops of both (\ oUtorhui and C. C’lpsuhiris 
were infected. The disease, however, only reached an ap- 
preciable degree when the [dants were of a certain size. 

Infection experiments carried out IxMh on plants in 
pots and on plants in the field showed tliat though red 
varieties of C. capsuluris and (7, oil tori us are by no means 
immune yet under the conditions of the experiments they 
seem less susceptible. A large number experiments car- 
ried out on green ( \ copsularis showed that the number of 
successful infections depended on the humidity of the air 
at the time of experiment and the exact determination of 
the conditions is a point for further investigation. 

The field experiments carried out in 1918 witli the object 
of throwing light on the conditions affecting the spread of 
the disease were repeated. 
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1. Two plots (A and C) were sown with seed of green- 

stemmed jute about 5th March, the former with 
treated and the latter with untreated seed. 
The land had carried jute which was slightly 
drained the previous season but had not been 
under jute previously for 25 years. D. Corchori 
was practically absent in both plots; only some 
3 or 4 cases could he seen. 

2. In similar plots (B and D) a crop of C. oUtornfS 

and of red -stemmed C. capsular is also remained 
free from the disease. 

3. Two plots (E and F), each about \ acre, situated in 

a portion of the field in which jute had some 
disease the previous year and was particularly 
bad the year before, were sown with seed of 
green-stemmed jute. The seed was steeped in 
a solution of copper sulphate. Germination 
was scanty and both plots were resown on 4th 
July after the commencement of the rains, and 
gave a crop" of typical late sowm jute, short ii^ 
height and thin in stem. In both plots the 
number of stems infected wdth D. Corchori was 
negligible, only about 12 cases could be found 
w hen tlie crop was cut early in November, 

4. Of two plots (H and K) about of each plot was 

sown on 5th ilarch w’ith a red-stemincd and 
theTemainder with a green-stemmed variety of 

C. capsularis. These plots were situated in the 
land which had carried the diseased jute in 
1918. Both the varieties of seed sown had 
been steeped in 2 per cent, copper sulphate. 
Plot H carried a very scanty crop and had 31 
cases of D. Corchori among the greemstemmed 
and only 6 cases in the red-stemincd variety. 
In plot k the crop was much thicker, both ger- 
mination and growth having been better than 
in plot II. In plot K there were 190 cu'^es of 

D. Corchori among the green-stemmed and 34 
cases in the red-stemmed variety. 
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5. Plots (M and N), each about \ acre, were selected 
in good land which had never carried jute before. 
Plot M was sown on 5th ^larch with seed 
of green-stemmed variety which had been treat- 
ed by vSteeping in copper sulphate solution, and 
plot N was sown on the same date witli seed 
which had not been so treated. Both plots 
gave an excellent crop of jute, 9 — 11 feet in 
height. In both plots nearly the same number 
of stems were diseased owing to I). Corchori — 
70 stems in Plot M and 50 in Plot N. 

As a result of these field experiments, particularly from 
a consideration of the last two plots, it cannot be said that 
seed steeping in copper sulphate has any influence on the 
severity of the disease, and, tlieretore, as mentioned above, 
the dissemination of the disease cannot take place to any 
a])preciable extent through spore.s of 1). Corchori mingled 
witli the jute seed. The percentage of disease was also not 
to any extent greater in those plots which liad been under 
jute for two or more siux'pssive seasons. Steejung the see i 
may then \)e discontinued. 

An account of the work done on this disease during the 
last tliree years is now in the press as a Memoir. 

(2) Fruit work in Kumaon, The seasoirs practical 
work for 1910 was completed in July. The cliief diseases 
dealt witli were apple mildew (Fodospluvra). which most 
nearlv approaches epidemic conditions in these orchards, 
branch blister and a]tple cracking due to Coniotheciuoi 
chamatosporuh} , tly speck and soUy blotch (Ia ptothpnum 
and |)each leaf curl [lAr()ascf/s dofornians). 

The apple mildew sprayingseries included a test home- 
made lime sulphur, Uerger's lime sulphur, and Hiirgiindy 
mixture, lead arsenate Ixung added in each case. The trees 
stood even the “ winter strength of lime sulphur success- 
fully and the experiments showed that an application of 
this fungicide made at the prop.er time will largely control 
the disease. Berger's mixture proved very satisfactory and 
simple to use. Further cxiieriments with iron sulphide 
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are, however, required before deciding on lime sulphur as 
the routine treatment. 

For the Coniothyrhm disease the same sprays were used. 
In general the superiority of the fruit on the sprayed rows 
was very marked. The home-made lime sulphur and 
Berger’s mixture both gave good results and did no damage 
to the trees. Burgundy, however, caused so much damage 
to fruit and leaves as to be largely a failure. This bears 
out recent work in English orchards with this mixture. 

There was little LeiUothyriuni present but the trees 
sprayed with lime sulphur and Burgundy had certainly 
less than the others. Burgundy injury was again marked. 
Peach leaf curl was entirely controlled by all three sprays. 

The variation between different varieties in suscepti- 
bility to disease as well as in resistance to Burgundy injury 
is so marked that it is useless to expect comparative results 
unless the tests are made on the one variety. Northern Spy 
is so susceptible to mildew' that it is being discarded on at 
least one estate. King of the Pippin was immune to 
Coniothecium, Burgundy injury W'as very bad on Cox 
Oiange Pippin and the leaves were scorched on Esopus 
Spitz, while King of the Pippin w'as quite free from it. 

I visited Ramgarh in October with Dr. Shaw and dis- 
cussed future work on the spot. The proprietors of the 
Allen Orchard are kindly placing at our disposal a small 
building for mycological work. Owing to Dr. Shaw’s 
absence no new" experiments have been carried out in the 
1920 season. 

(3) Cereal diseases. It has long been apparent to 
mycologists in India that there is a large group of parasites 
belonging to Fu^^arinni^ JlelminthospoTium and allied 
genera which attack cereals throughout the country. Some 
of these, such as the stripe disease of barley, are well knowm 
in other countries, others appear to l)e peculiar to India or 
at least have not been previously described. Mr. M. Mitra 
took up the study of the species allied to Uelminthosporinm 
and has made considerable progress in this enquiry, which 
is likely to extend over several years. 
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Species of Helminthosporium were found commonly 
attacking maize, jowar {Andropogon Sorghum), bajra 
(Pennisetum typhoideum), rice, wheat, oats, barley, and 
sugarcane. In every case the chief attack is on the leaves, 
and excepting the stripe disease of barley the symptoms 
arc on the whole very similar. 

The parasite concerned was isolated from each oi the 
above hosts and grown in pure culture for comparative 
study. Wheat was found to have a considerable range of 
forms on it in different parts of India. They appear to be 
related to //. teres Sacc. On rice the common species ap- 
pears to be //. Oryzee Ilori, previously described from 
Japan. //. turcicum Pass, occurs on maize and jowar but 
freely grows also on wheat, oats, barley, and sugarcane. 
It does not attack bajra and only rarely rice. The species 
on sugarcane and rice attack all the hosts on which they 
have lieen tried whereas the wheat and barley species give 
reciprocal successful results. , Further work on these hues 
is being done. 

An allied genus, Acrothechm, is parasitic on several 
of the Gramineev and one species attacks bajra at Piisa 
somewhat severely. It is a new species, which has been 
^ named Acrothechiin Penniseti. The attack is on leaves, 
leaf-sheaths and ears, the leaf-form being the commonest 
but the ear attack probably doing most damage.. The spike- 
lets are attacked in clusters and the grain aborted. The 
attack is, as with so many other fungus diseases at Pusa, 
closely dependent on the atmospheric humidity. 

The ])arasite has Ix^en isolated and studied in artificial 
culture by Mr, Mitra who has written a detailed account 
of it, now in the press as a ^leinoir. It is a vigorous para- 
site, with general points of similarity to other parasites 
of allied genera. It can attack maize cars but not the 
leaves ; jowar is immune. 

A second species, Acrotheeium lunatym Wakker, is 
common at Pusa on maize and jo}rar, as well as on several 
wild grasses. It appears to do a good deal of injury to 
the male inflorescence of the former, where it is sometimes 



6i SCIENTIFIC REPOHTS OF THE AGHlCtJLTnUL RESEARCH 

associated with Acvothechm falcatum Tehon, but it is only 
a weak parasite on joimr. It is capable of attacking 
young leaves of bajm to some extent. Another term is 
found on rice. All these are being studied in pure culture. 

Last season we received a number of reports and speci- 
mens of disease in wheat with the general symptoms of the 
foot rot disease which has attracted so much attention u\ 
the United States in recent years. As in that country a 
group of fungi seems to be responsible. The three fungi 
so far found in India are Rhizoctonia destruens, a Pijthhm 
of the gracile group, and a Fusarium. Of these the last 
is the most destructive, the other two being responsible in 
a limited number of cases only. All three fungi were 
isolated in pure culture by Mr. L. S. Subramaniam and 
successful inoculations were obtained with them on wheat 
grown at Pusa. 

(4) Pythium disease of ginger and other crops. A 

ilemoir describing fully this disease was published by Mr. 
L. S. Subramaniam during the year. As the work was 
summarized in last years report it need not be iurther 
referred to here. 

(5) Potato storage rots. Considerable attentnm has 
been given to the study of the means of preventing I'otting 
of potato tubers during the hot weather and rnins. ( om- 
plaints of heavy losses from this cau^e leading to an exces- 
sive price of -‘seed'’ tubers at planting time, have become 
very frequent of late. A series of experiments was con- 
ducted at Sialkot in collaboration with the Punjab 
Department of Agriculture. 

In storing potato tubers a two-storeyed weITveiitilateil 
house was selected and fumigated with sulphur vapour. 
Two sorts of tubers were selected : {a) from fields where 
potatoes were grown as ordinary routine crop, (/>) from 
fields where ])otatoes were grown for the first time. 
The selected potato tubers were then put into :^terile 
gunny sacks and fumigated with petrol vapour for 
24 hours. Some of these fumigated potatoes were 



JNSXmjlE.-PtJSA, FOR 1919-20 


65 


stored (1) in (Jry sand, (2) in sacks loosely packed, 
and (3) on racks made of Avooden liatlcns. The rest 
of the fumigated potatoes were treated in corrosive 
sublimate solution (1 in 2,000) for 1 hour and after- 
wards taken out and dried and were stored exactly in the 
above manner. The experiment lasted during ^lay and 
June 1919. The year being exceptionally trying on account 
of the excessive heat, potatoes started rotting very soon 
and in every case the bulk of t!ie potatoes became rotten. 

These results bear out the conclusion previously come 
to that the rot is primarily a result of excessive tempera- 
ture ami that it will be diiticult, if not impossible, to check 
unless some form of cool storage cun be devised. The 
natural suggestion is storage in the hills (at present a 
large proportion of ti:e plains crop is from hill-grown seed 
and it sliould be pc-ssible to develop tliis by improving 
transport facilities and cheapening freight) ])ut the alter- 
iiatnral suggestion is storage in the hills (at present a 
Fui’ther work is required so as to get a more exact knowledge 
of the temperature limits at wliieh storage may he expected 
■ to pa}'. 

(6) Root rot of cotton. The writer visited Lyallpur 
j’n October 1919, U) make a further attempt at diagnosing 
the cause of tliis disease. Previous efforts at Lyallpur and 
Ilansi ha<l been unsiucessful. the causes then assigned not 
standing the test of more exact nhservations and experi- 
ments. ' The conclusifui arrived at on this last visit is that 
the disease is a noii-parasitic one which is"^ssociated with 
some unknown soil condition. Further work will probably 
have to be taken from another side than the mvcological. 
The disease occurs sporadically through most qf Northern 
and Western India. 

IV. Systi.watic work. 

A good deal of progress was made in the preparation of 
a fungus flora of India, so far as the materials at present 
exist. The total number of recorded species is probably 
under 2,000 which is certainly not one-fourth of those that 
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exist. It is hoped to continue this work as opportunity 
permits. 

An interesting paper has recently been published in the 
Philippines which gives evidence to supjport the view 
that the bud rot of coconuts is caused by the same 
fungus that causes canker of rubber and cacao and is 
usually known as Phytophthora Faberi Maublanc. If this 
is correct and the cause of bud rot in the Philippines is the 
same as in India this fungus will rank as one of the most 
destructive known. Its Indian name, Phytophthora 
palmivora, has priority over that given above. 

V. Programme of work for 1920-21. 

(1) Research work. New diseases of Indian crops that 
come to the notice of the Section will be investigated as 
opportunity permits, but the following diseases will receive 
special attention and will constitute main lines of investi- 
gation: — 

{a) Black band of jute. 

(b) Chilli diseases. 

(c) Fnsariiim wilts, especially in relation to soil and 

manurial conditions. 

{d) Sclerotial diseases of jute, sugarcane, paddy, and 
Rangoon bean. 

(e) Orchard diseases. 

Minor investigations will include the study of some 
fruit anthracnose, Orobanrhe on tobacco, root rot of cotton, 
sugarcane smut, sal root rot, and Pythium- disease of 
papaya, ginger and tobacco. 

(2) Systematic work. It is hoped to resume this with 
the facilities provided by the proposed Imperial Bureau of 
Mycology in London. Steps will be taken to supply the 
Bureau with representative collections from India. The 
preparation of a list of Indian fungi will be continued. 

(3) Training, This will be continued on the lines indi- 
cated in the prospectus. 
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(4) .Routine work. Advice and assistance will be given 
to Provincial Departments of Agriculture and other 
Departments and to the general public. 

VL Publications. 

Butler, E. J, , . Report on Mycology, 1918-19, for the Board 

of Scientific Advice, 

Subramaniam, L. S. . A Pytliium Disease of Ginger, Tobacco nnd 
Papaya. Mem, Dept, of in Indiay 
Bot, Ser., Vol. X, No. 4, December 1919. 

Shaw, E. J. F. . Studies in Diseases of the Jute Plant. 

(1) Diplodia Corchori Syd. Mem. Dept, 
of Agri. in India ^ Bot, 5cr., Vol. XI, 
No. 2. (In the press.) 

Mitra, M. . . Morphology and Parasitism of Acrothecium 

Penniseti nov. spec, (A New Disease of 
Pennisetu m tgphoideum- Rich.) Mem, 
Dept. oiAgri. in India ^ Bot. >9cr., Tol. 
XI, NoA]. {In the press.) 
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REPORT OF THE IMPERIAL ENTOMOLOGIST. 

(T. Bainbrtgge Fletcher, R.N., F.L.S., J.E.S., F.Z.S.) 

I. Administration. 

The Imperial Entomologist held charge of the Section 
throughout the year ended 30th June, 1920. The services 
of Mr. M. Afzal Husain, M.Sc.. Supernumerary Entomo- 
logist, were transferred to the Punjab Department of Agri- 
culture from 16th September, 1919, since which date the 
post of Supernumerary Entomologist has remained vacant. 
Mr. G. R. Dutf, B.A., was appointed Personal Assistant to 
the Imperial Entomologist from 1st ^lay, 1920. 

II. Training, 

Mr. G. D. Austin, a student deputed by the (Vylon De- 
partment of Agriculture, was received for training on 1st 
June, 1919, and completed the ordinary course on 31st 
Marcli, 1920, but has been given an extension up to Sep- 
tember 1920. 

Three students completed a short course in sericulture 
and two Mere under instruction at the end of the year. 
Tmo students sent from the Agricultural College at Salx)ur 
were also given instruction not amounting to a regular 
course. 


III. Insect Pests. 

Cotton. The species of Acrocprcops referred to and 
figured in last year’s Report has since been named by Mr. E. 
Meyrick as A . zygonoma^ n. sp. 

The question of determining the relative immunity of 
varieties of cotton was continued. Germination of the 
plajits was verj' satisfactory but at the close of the year the 
ejperimental cotton plants suffered from drought and heat, 
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the maximum shade temperature reaching as high as 
112‘3^F. The ground soon lost nioisluro and as a result 
the plants did not boll wll; indeed, in the case of some 
varieties of cotton, there were no bolls at all to continue 
the countings, Rylepta deroaata, together with P hem- 
coccus hirsutus and Ph. corymhatus, appeared and did con- 
siderable damage to certain varieties of cotton. During 
the year Hibiscus abelmoschus continued to be a better trap- 
crop for Cotton Bolhvorms (Eorias) than either hhindi 
{Hibiscus esculentus) or hollyhock, and as in previous years 
a larger number of bolhvorms and of M icrohracon lefroyi 
were found in the pods of II, nhelrnoschus, A survey of 
alternative food pi ants of bolhvnrms was made and is being 
continued, MicTohracoa Icfroyl continued to be the most 
prominent parasite of Ear ins. 

Bice. Work on the borer pests of rice has been con- 
tinued in the neighbourhood of Pusa and confirmed the con- 
clusion arrived at in last year’s Report that on the average 
in the Push distvict these borers cause a relati^el^ small 
amount of damage, amounting to about 4 per cent. Tn order 
to get an, idea of their activities in some of the other rice- 
growing districts in Bengal and Bihar, the rice-stiibblca of 
.the following places were exaniined in Deveinber 1010. 

At rii insurah, stubbles examined in and around the 
Farm showed about i:i-5 per cent, damage by borers.^ The 
actual damage to the crop (for reasons explaiued in the 
proliminarv pa])cr on Borers) would be less than thi^>. In 
about ^00 stnlibles exaniined the following insects (larva, 
pupa or empty pupa-ease) were olitained : 

}^cho'noh}us h}p\(nci}f>r - ■ ■ * 

Otilo shunlrx ^ 

I 

i'hih orpziv 

At AlHinapiir, stubb)e.s collected froin the neighbourhood 
of the town showed atout iVf cent, dauiage bv Ixrieis. 
From alxmt nOO itubbles examined tiie following insects 
were obtained : — 

Schntxohiuii ht lutnctxje^ • * ' ' * 

Chdo simplex ^ 
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At Bankura, stubbles collected from the neighbourhood 
of the town as well as from the villages in the interior show- 
ed about 22 per cent, infestation by borers. In about l,00d 

stubbles examined the following were found : 

— 

Schcenohius hip'tmctifer 

. 12 

Chilo simplex ..... 

. 9 

At Cuttack, stubBles collected from all over the Farm 

exhibited only 9 per cent, damage by borers. 
900 stubbles the following were obtained : — 

From about 

Schamohiiis hipunctifer 

. 3 

Chilo simplex ..... 

. 3 

Chilo oryzce 

. 5 

Sesamia inferens ..... 

. 3 


From many of the experimental plots on the Cuttack 
Farm the crop was not yet harvested and some of these plots 
(each l/5th acre in area) showed an unusually high propor- 
tion of dry ears. For instance, in two plots, one of a 
variety kno^vn as khura and the other of knkrajota, the 
number of dry ears was as high as 20 per cent., whilst in 
neighbouring plots under the same varieties of paddy the 
damage was much less than half that in the two plots men- 
tioned. From the khura plot referred to 100 affected plants 
were pulled out from all over it and of these 40 were not 
damaged by insects whilst the remaining 60 exhibited 
damage by borers, of which the following were found : — 

Schmnohiits hipunctifer 30 

Chilo simplex 8 

Sesamia inferens ...... 2 

Out of 100 affected plants similarly picked from the 
kukrajota plot, no less than 92 'were found damaged by 
borers and the following borer larvae were obtained from 
(hem, viz .: — 


Sch(£TU)hius hipunctifer . 

. 30 

Chilo simplex . f . . 

. 38 

Chilo oryzce 

. .2 

Sesamia inferens , • , . 

. 1 
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There was no apparent reason why so many insects 
should have been concentrated in individual plots in this 
manner. The larvae of Chilo simplex were observed to occur 
plentifully in the stems of Coix lachryma-johi var. aquation, 
which was growing as a weed all over the Farm and 
amongst the rice-plots, but all these experimental plots of 
riee*plants seemed equally subject to their influence. The 
concentration of the borers in individual plots seems there- 
fore difficult to explain unless it w'as due to lateness of the 
crop. 

From the above facts it would appear that Schwnobius 
hipunctifev and Chilo simplex^ the former especially, are 
more inqx>rtant than other borers in rice. The combined 
effects of damage by lx)rers in rice, however, in Bihar and 
possibly in Bengal, does not seem to amount to very serious 
proportions although even a loss of 4 or 5 per cent, in the 
case of an extensive crop such as rice becomes a noteworthy 
sum wdien expressed in money value. In the case of other 
parts of India, notably Madras and Bombay, the damage 
to rice by borers appears to be much greater, so far as w e 
have definite figures, but it would be ven^ desirable to obtain 
more exact information. Even taking the annual loss by 
. borers at only 5 per cent, for the whole of India we find the 
animal loss to l>c approximately four thousand seven hun- 
dred millions of pounds of rice annuallv. and this figure 
may probably be at least doubled when we consider the 
total losses due to all rice-pests in India. 

The Halticino Ehrysomelid beetle (C. S. 2043), men- 
tioned in last year's re])ort, has l>een observed to occur largely 
on china [Panienm mUiaceum). It is incapable of injuring 
plants standing in water but may cause some damage to 
dr}’-land paddy and millets. 

Sugarcane. Work was continued on the Ixirers of 
sugai‘cane and other cereals and also on other agents of 
damage to these crops wdiich produce effects similar to those 
caused by the borers. The results obtained up to February’ 
1919 have been incorporated in a paper by the present writer 
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and Mr. C. C. Ghosh, read at the Third Entomological 
Meeting, and \vhich is still in the press. Since then con- 
siderable further information has been collected and brief 
notes on the more imporUmt points only can be given here; 
it is intended to write up these further results more fully 
in a separate paper. 

As ascertained by observations extending over the last 
four years at Pusa, the principal damage to the sugarcane 
crop occurs in the early stages of its growth in Ajnal, May 
and June, when the climatic conditions at Pusa are charac- 
terized by high temperature, very low humidity (at least 
for the earlier portion of this period) and scantiiu'ss or 
absence of rainfall. The incidence of attack l)y insect pests 
is apparently correlated with climatic conditions. Favour- 
able climatic conditions, enabling the cto]i to grow rapidly, 
have a great eftect in controlling the activities of the pests, 
the crop in such cases easily outgrowing their attack. But 
with unfavourable climatic conditions, especially drought 
and want of moisture in the soil (and it must be remeinher- 
ed that sugarcane is not grown as an irrigated crop in these 
parts), the insects get the upper hand and owing to want of 
growth and tillering on the part of the })lants the loss 
caused by their attack is not compensated for, the result 
l)eing that the percentage of damage l)ecomes very high. 
In 1920 the sugarcane was planted as usual about the middle 
of February but, in contrast to previous years, this was done 
after irrigating the land in order to secure j-) roper moisture. 
\o further irrigation was done and tliere was no rain 
worth mentioning uRtil the middle of June. In April the 
damage in some of the thick canes at idn-a wsis as lilgh as 
ten per cent., whilst at Poiinbatore and Jlebbal (Mysore) 
similar canes, although planted about the same time as but 
far more advanced in growth than Llie canes at Pusa, hardly 
exhildted any damage except a few occasional dead-hearts 
here and there. The sugarcanes at Man jri, planted earlier 
and grown under irrigation, were certainly not as good as 
the ('oimbatoro and Hebl)a! canes either in growth or as re- 
gards infestation by borers. The damage about this time 
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in juar (Andropogon Sorghuvi) and maize at Pusa was less 
than 0-5 per cent. 

The correlation between damage to cane by borers (and 
similar agents) and climatic conditions seems to hold good 
in the case of all varieties of cane, thick as well as thin, but 
thin varieties show a greater immunity than thick ones. 
This will be evident from the following figures showing the 
percentage of damage in a few .varieties of canes grown at 
Pusa this year : — 


Variety 

>'ame • Type 

1 

Date 

P(r- 

rvnta;;p, 

damage 

Date 

Per rent - 
age daiii- 

Date 

Pi-rrcDt- 
ag!* (lain - 
age. 

Dak 

percint- 
ige dam- 

Dale Percent- 
age dam- 

B«ora 

Very thin 

29-ni 

20 

7-IV 

13 

2e-lV 

4-3 

14-15-lV 

4-7 

11-19- VI 

13'2 

Uanem 

Medium. 



S-IV 

31 

27-IV 

10'3 

13-V 

12’5 

5-^^ 

181 

Purple Mau* 

Thick . 



7-1 Y 

I 

Ii’8 

27-1 V 

lu-a 

13-V 

24-2 

&-V1 

37-2 

Sathf l.U(. V 
IxTiliu Ctal 
pl.it) 

Thick , 



^ S-IY 

I-l 

25-1 V « 

• 90 

n- 12 -v 

124 

1 

29-3 

Sathi 131 

(Ian 
plot) ; 

ThieJv . 



7-IV 

2-0 

i 27-IV 

9-3 

13-Y 

20-5 

7-VI 

25' 4 


So far as germination was concerned, toth the plots of 
Sathi 131 were very good and ahead of the other varieties, 
but this advantage was only maintained so long as the soil 
retained moisture from tlie irrigation done at the time of 
planting, and wlicn overtaken by the drought these plots 
collapsed. All the affeiTcd shenas in the experimental plot 
of Sathi 131 were cut out on April but the subsequent 
state of infestation shows clearly that this treatment was^ 
of no avail to reduce the percentage of attack. 

Thin varieties of cane also seem more resistant to 
drought. In the first week of June the plot of Reora pre- 

• All the I'latit* were eiit out with pritoiOi: scis« tlio level of the grouDl 

caUM the leant dintiirhauce 1 0 the 
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sented the greenest look of all the varieties, thick as well 
as thin. Next to this came the following in order of their 
drought-resisting qualities, so far as could be judged by 
the eye, Java 36, CO 210, Kussii]*, Tobe Manjet, CO 213 and 
CO 214, CO 204, CO 205 and other varieties of thin canes. 
All the thick varieties, including Sathi 131, Purple Mauri- 
tius and D 99 American, exhibited a scorched yellow 
appearance and in all these plots dead-hearts and drj^ 
shoots were prominent. Damage by borers and similar 
agents increased with the decrease in drought-resisting 
quality of the different varieties. The first heavy shower 
of rain fell on 18th June and was followed by other 
showers. By the end of the year under report {30th June) 
all the thin varieties had made good progress, but in the 
case of the thick varieties progress was extremely slow and 
it seemed that they would take a long time to recover from 
the effects of rhe drought. The above facts indicate the 
suitability of particular varieties of sugarcane to particular 
areas according to differences in local climatic conditions. 
Severity or otherwise of attack by borers seems to be inti- 
mately connected with this fact. Extended observations 
over different parts of India are required to throw light on 
this point and to enable us to arrive at definite conclusions. 

Another point which requires similar extended observa- 
tion is the pest-resisting qualities of different varieties of 
sugarcane. As a rule, thin varieties seem to be more 
resistant than thick varieties, but individual varieties, Iwth 
of thick and thin canes, show different degrees of immunity. 
At Cuttack in December 1919, Minzo, a thin variety, had 
all the principal pests, ciz., Scivforphdga janthogastrella, 
Diatrcea auri cilia and D, cenosata^ whilst Sathi, another 
thin variety, was practically free. Observations made 
about this time at Pusa, Cuttack and Chinsurah indicated 
k greater liability to fungal diseases on the part of Purple 
Mauritius than in the case of other thick varieties. A 
variety known as B. 3412 was observed to be very badly 
affected by smut at Chinsurah, whilst all other varieties 
growing there were completely free from this disease. 
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A third point which requires working out is the effect 
of the presence or absence of alternative foodplants. 
Instances have been given in the preliminary paper on Cane- 
borers of such effect in the cases of Scirpophaga and the 
Noctuid larva (C. S. 1GC6) in sugarcane anci of Chilo 
simplex in rice. A notable instance which came under 
observation this year was the occurrence of Diatroea 
cenosata as a regular pest in sugarcane at Cuttack, where 
no juar (Andropogon Sorghum) is grown and hardly any 
Sacchanun spontanenrn is present. At Pusa 1). cenosa-tn' 
occurs very commonly in ,S’. syonUineum and in juar but 
rarely in sugarcane. 

As a first step in dealing with the control of the borer 
pests of sugarcane we must take into consideration (1) the 
suitability or otherwise of the cane itself to the climatic 
conditions of the locality wliei'c it is grown, (2) the habits of 
the cane, especially its caparity for tillering during the 
early stages of its growth, as varieties which tiller well 
show much greater immunity than those in which tillering 
is poor, (3) the drought-resisting qualities of the canes, 
especially in the case of tracts where irrigation is not 
practised, (4) the natural immunity of the eanes against 
pests and diseases, (5) the effect of the presence and absence 
of alternative foodplants of the different borers, as Avell as 
(fi) the discrimination and life-histories (in the fullest sense 
of the word) of the borers themselves. All the above points 
are not applicable to any one particular kx^ality, as condi- 
tions vary locally, but they clearly indicate the need for a 
whole-time worker, to devote his attention to sugarcane 
pests only. In order to arrive at successful results in the 
control of these pests he should include tlie whole of India 
within the sphere of his observation and experiment. In 
my suggestions for expansion of entomological work in 
India I have already pointed out the necessity for one whole- 
time expert to work at the question of borers and, when it 
is'realized that a loss of ten per cent, of this crop (and this 
is probably not an exctissive figure for India as a wdiole) 
means an annual loss of about three hundred millions ot 
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rupees, it will probably be conceded that there is ample 
justification for an increase of staff to take up this work. 

In the course of the last four years during which 
especial attention has been paid to the insect pests of 
sugarcane, the Scolytid borer, Xylehorus ferforans, Woll 
(Plate IV), has only been observed once, in December 
in a variety of cane called B. 147, which was growing on 
the Chinsurah Farm. This teetle came into prominence 
over thirty years ago in connection with the destruction of 
beer-casks shipped to India and was investigated by 

W. F. H. Blandford, who considered Z. afftnis, attacking 
sugarcane in the West Indies, as a variety of A\ perforans. 
In 1900 a Xyleborus was reported as boring sugarcane in 
Bengal and was considered to be either identical with, or 
closely allied to, Z. perforans. In 1892 this beetle formed 
the subject-matter of a warning letter issued by the Revenue 
and Agriculture Department of the Government of India, 
which stated that this pest, notorious in the West Indies 
as a pest of sugarcane, had already been introduced into 
India and therefore advised the adoption of measures 
against its spread. Its occniTenec on the Chinsurah Farm, 
where it was found breeding in three fully-grown canes 
growing in a clump, the canes being practically' dry and 
showing characteristic holes emitting dust in their basal 
joints, indicates that this shot-hole borer may perhaps 
prove to be an occasional pest of cane, possibly more fre- 
quently than has been noted by us. In Induni Mnsenui 
Xotes, Vol. V, p. 74, it is recorded as having been found in 
cane in numerous districts in Bihar and Bengal. 

X. perforans is wddely distributed in India and Burma and 
has been recorded as boring in sal {Shorea rohusta), Ano- 
geissus latifolia and Areca cntechn. 

Mention was made in last year's Report of three species 
of Dynastine beetles which occurred on the Kamrup Sugar- 
cane Farm in April-May 1919, viz.y Altssonotiim imprrssi- 
colle (Plates V and VI), /I. picenMy and Heteronychus 
suhlcBvis. Attempts were made during tlie year to work 
out their full life-histories in the Pusa Insectary with 
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living specimens brought ii‘oin Kjiiiinij). Success was only 
obtained with the hrst-riamcd s{)ccies. Tlie adult beetles 
rested in the soil, without taking any food so far as could 
be observed, until October-Xovernber, when eggs were laid. 
''File resultant grubs were reared on roots of maize growing 
in earth mixed witli faiouyard manure. Tlie grubs did 
hardly any damage to the maize plants and seemed to feed 
mostly on the manure. They fed fivmi Xovcinber to March 
and devcloj)cd into beetles in April. This species has 
tiierefore only one generation in the year but. unlike most 
eoekehafers, the grids are active during the winter. 
Alissonoturn pin' urn most proliahly has a similar life- 
history. Only a few beetles were available to start the 
work and these rested in the adult >tagc. like those of 
d . unpres<iiCidle^ one living until 0( tober: hut no eggs were 
(obtained. Of Jfeteronijrhus siihjfrr'n ordv one Iwtle was 
available for tlie work, whicli failed. The adult beetles of 
these three species were observcti to appear at Kainrup in 
April ihlh, and in last years report it was stateil. on the 
strengtli of mir ex))erienee w ith Scaral>aud beetles generally, 
that their emergence was ilclayed owing to the droiiglit 
which prevailed at Kan imp in February and March. But 
now it appears. pi'e>uming that the hcculcs reai'od at Fusa 
emciged at their natural time, that Ajiril may be the 
iioi fua 1 time for their a{)[)eara!:ee. Av ordi ng [o the ol'>er- 
vaiiuns of Mr. S. ITdupta, Kntomologieal A>sistant, As-anr 
who has oh.served it at Kanirup. the adult beetles emerge 
from the latter juirt ot March until tlie end of April, and 
grnhs are found from dune to danuary, and })upa^ in 
February; it does not ajipear, liowever. tiiat tliese gnil>s 
w('re aituallv bred out. As indicated in last years liej^ort. 
th(' beetles occur at Kainrup every year, lu'oeding in large 
lunuhe rs. their grubs finding plenty ot texx! in the rich 
humusover tlie extensive areas under wild grasses allaround 
the Suirareane Farm, hut in normal voars it is not con- 
sidpred that tiipv aiv likely to do any extensive damage to 
sugarcane. This is airroborated by the experience of 
1!)2(), when the beetles occurred but did not cause serious 
damage. With unfavourable climatic conditions, as in 
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1919, however, they may cause damage unless they can be 
forestalled by a change in the planting time and also 
changes in the methods of cultivation so as to avoid the ill 
effects of drought on the setts lying in the ground. In this 
connection it may be observed that the whole of the loss 
sustained at Kammp in 1919 wms not attributable to these 
beetles; a very careful examination of all the plots, made 
.at the time, showed th^ the beetles were not responsible 
for a loss of more than about' 20 per cent, of the crop. The 
failure of setts to sprout owing to unfavourable climatic 
conditions could not be ascribed to the beetles. Further 
details of life-liistories of these beetles, and especially the 
■question of their normal control by natural enemies, can 
only be settled by further investigations on the ^^ot. 

In March 1920 a few^ specimens of Autoserica sp. were 
observed gnawing sugarcane shoots at Pusa in the same 
manner as the Dynastine lieetles at Kauirup. It appears 
that this form of damage is possible by many Scarabmid 
beetles. 

In September 1919 the Entomological Assistant, Assam, 
collected some grubs ol\ino?/hiln (Plate VII. 

fig. 1) amongst sugarcane roots at Kamrup and sent them 
to Pusa. The grubs were reared up and were found to 
hibernate as larv?e, and pupate<l and emerged as a<l\i1t 
beetles in April. Apparently therefore this beetle has 
only one generation in the year. 

Tnnijmeci/s hispid us (Curculioiiida') was sent in from 
Kamrup as attacking young sugarcane shoots in April. 

Aryyria Umidicostalis, Hmpsn., the borer referred to 
in the Report for 1917-18 as C: S. 1610, which is one of the 
most injurious of all the torers in sugarcane, was found in 
May 1920 in cane at Sadiya, in Upper Assam, all of a 
number of cane-borers collected there proving to lielong to 
this species, w^hich is now" knowm to occur at Pabna, Jorhat, 
Dacca and Sadiya. It is to be hoped that it will not be 
introduced into other parts of India and too great precau- 
tions cannot be taken to prevent its transport in cancs 
exported from Assam and Fastern Bengal into other parts 
of India. 
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New borers discovered during the year in gramineous 
and cyperaceous plants included 

(1) Hypsotropa tenninmella. Rag. (Pyralidse; C. S. 

1920), in stem of Andropoaon squarrosus at 
Pusa. This has also been reared from the bulb 
of Rosha grass {Cymbopoijon sciup/nanthns) by 
the Forest Zoologist. 

(2) Crambus corticellvs. Hmpsn. (Pyralidse; C. S. 

2007), in stem of Scirpus coryinbosvs at Nagpur, 
where it was found by Mr. J. L. Khare. 

(3) Chilo torrentellus, Meyr. (Pyralidse; C. S. 2027), 

in stem of Sacchavum sponianeum at Pusa. 
This was reared successfully this year after 
unsuccessful attempts during the last three 
years. 

(4) Lychro^is zebrinns (Cerambvcidm; C. S. 2010), in 

stem of Sa^charjm spontaneiim at Pusa. 

The search for alternative foodplants of borers in 
sugarcane, etc., was continued and the following of 
importance may be mentioned : — 

(1) Cojx lachrymn~johi var. aquatica as a foodplant 

of Cliilo simpbw on the Farm at Cuttack. 

(2) Lemon-grass as a foodplant of Sesamia in fvrens 

at Pusa. 

Bnichytrypes portentos^is {achotlnus) (Grvllidaf') did 
some damage to cane at Pusa in June, cutting the shoots 
practically level Avith the ground: but these shoots grew 
again and ])ractically lumc of them died. 

Mulberry. Frequent reports have l>een received from 
Bengal regarding the damage done by Phenacoccus 
hirsvtus, the mealy-bug scale insect which is the cause of 
CollecJion of alternative foodplants showed 
that this st'ale was very common at Pusa on cotton and 
guava. From colonies; on cotton many adults of the Cei’ido- 
myiad fly,' Diadiplosis indica. Felt, which is predaceous 
on the egg-masses and adult females, were bred out and 
liberated to mark the effect of the predator. The DiX)so- 
philid fly, Gitonides perspiahr. Knab. was also found last 
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year .to be one of the predators that keeps this mealy-bug 
in check to some extent. Hitherto ^'Tukra^' has been 
mostly reported from Bengal but it is possible that it lias 
become ^videly distributed with mulbeny cuttings sent out 
from infested localities. A Memoir on " Tukra ” is in 
course of preparation by Mr. C. S/Misra. 

Fruit Pests. Considerable material has been accu- 
mulated regarding insect pests of fmit trees, both collected 
locally and sent in by correspondents all over India seeking 
for identifications and advice. 

Frequent reports were received from correspondents in 
Tirhut concerning Datocera rubus, a Lamiad beetle, which 
bores in mango trees in its larval stage. 

The Cecidomviad fly which makes galls on mango leaves 
and which was figured in last year's Report (tab. IX. fig. 2) 
has been identified by Professor E. P. felt as Procontarinia 
matteiann^ Kieft’cr iind Cec^coni. 

Chretodfi^iis zonatus (Trypaneidsc) was destructive to 
Peach fruits at Pusa in May-Jiine. The trees were 
sprayed, early in the morning eiich day, witli a solution 
of gnr and lead arsenate, to destroy the a<lnlt female Hies, 
and the attacked fruits were aylected and destroyed. 

The weevil referred to in last \ ear's Annual Report (page 
92) as Ueuadognatiius n. sp., should have been called 
Deiradolcus n. sp., and the necessary corrections should be 
made. 

The undetermined Sphingid found on apple at Shillong 
and referred to on page 95 of last year's Report has since 
been determined as Langia zenzeroides from sp(K’imens 
reared at Shillong by Major F. B. Scott. ' 

The lan^a referred to on page 95 of last year’s Rei)ort, 
as attacking apple fruits at Ranigarh, has since been reare<j 
in some numbers from material kindly supjdied by Mr. 
Johnson, of Ranigarh, and proves to be a Tortricid, which 
Mr. E. Meyrick has named as Caccecia 'pomhora^, n. sp. 
Figures of the stages of this insect will be found in Ento- 
fnological Memoir, Vol. VI, Part 9, tab. LVIII, fig. 1. 
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Another Tortricid larva has been found to lx>re into 
' apple fruits at Shillong but can hardly be described as a 
pest, as it is not common as an apple-borer and seems 
merely to excavate a small chamber in the core without 
injuring the ])ulp of the fruit. This is the larva of 
IJlodemis trujrafha, Meyr., which has also been reared at 
Shillong from a larva feeding on flowers of Colquhouaia 
coccinea. The stages of this species also will be found 
figured in Entomological Memoir. Vol. VI, Part b, tal). 
LVIII, fig. 2. 

A new and serious apple-pest was found at Shillong m 
Octolier 1919 in Ptochorj/otis rosaria, Meyr., a Xylor}^ctid 
moth whose red larva eats the bark of voung apple twigs 
under cover of a silken tubular gallery. This insect has 
hitherto been known only from Bhutan. From a larva 
brought to Pusa the moth emerged in March. At Shillong 
the moths probtibly appear later in tlie year, as there seems 
to be only one biwd on apple annually. The stages of this 
pest also are ligured in Entomological Memoir, Vol. \T, 
Part 9, tab. LXIII, fig. 1. 

An interesting and unexpected find on apple at Shillong 
in May and June. 1920, wa^ Helopeltis theironp the so- 
valled Tea Mosquito " bug. which in this case was found 
sucking young shoots of apple. 

Specimen.s of Bmhmina Voruicea, Jlope. llolotrlchin 
sp., and of a third undetermined Melolonthine beetle were 
received from the Superintendent of the Kumaon Govern - 
meut Gardens, Raiiikhet, as damaging fruit trees. 
Another Melolonthine. a specues of Mkrotrichia, was 
received from Solan as damaging fruit-trees. 

Life-histories of Insects. Besides the various insects 
name<l above, more than 150 <liflc-rent lots of insects ha\e 
been reared durftig the year and observations made on life- 
histories* and habits. In a Report of this nature it is only 
possible to mention a few of these even by name. 

(1) Achroia grisdU}, Eo. (Galleriadae) (Plate V/II, fig. 
2). During the last two years this wax-moth has occurred 
regularly at Pusa in hives occupied by the Indian Bee 
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{Afis indica) and proved destructive to a number of old 
stored combs. The caterpillar feeds on wax as well as on 
the debris that collects in a hive and even nibbles the felt 
blankets which are kept over the top of the frames. It 
also feeds on dry propolis, and seems, to be a scavenger 
under natural conditions. 

(2) Chlumetia transversa (Noctuidse ; C, S. 1960). The 
larvm bore into mango shoots but can feed on the leaves 
also. 

(3) Camfomtiis maonlatus mjnscus (Formicidsc; C. S. 
1983). These black ants were observed to nibble the tender 
shoots, leaf-stalks and leaves of hrinjal at Pusa in Novem- 
ber. The shoots and leaves so attacked withered. Tn this 
way these ants may be a minor pest under favourable condi- 
tions. ’ 

(4) Heterohostvijckiis ivqualis (Bostryihida'; (’. S. 
2023) (Plate VIII). This dry-wood borer was received in 
September from Deolali where bully rafters were being 
destroyed by it. The grubs fed and developed and emerged 
as beetles in May- June and the insect seems to have only 
one generation in the year. 

(5) Sino^rylon anaJe (Bostrychidse) (Plate IX, fig. 1). 
Specimens of this species also were received from the 
Assistant Controller of Textile Stores. Bombay, as damag- 
ing articles made of wood, e.g., packing cases, handles of 
brushes, etc. 

(6) Stromatiim> barbatum (Cerambycid®). Eggs of 
this Ix>ngicorn beetle were obtained at Pusa in June 1917 
and the laTv® have been feeding now for three years in dry 
wood, no adults having emerged so far. This larva is a 
common wood-borer in household furniture and may 
evidently have a prolonged existence in the larval stage 
under dry conditions. 

(7) A gratis ypsilon, A. flammatra and Enxoa spin if era 
occurred in the gram fields at Pusa about March in practi- 
cally equal numbers. Opportunity was taken to prepare a 
coloured plate showing the life-history of A gratis fiam- 
matra. 



PLATE VI ll. 
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(8) Juar {Androfogon Sorghum) heads, affected by 
"vvhat is known as khas (i.e., sterility) disease in Sind, were 
received through the Assistant Professor of Entomologj^ at 
Poona. This disease is believed to be due to a minute Cecd- 
domyiad fly. The affected spikelets do not form any grain 
and in this particular case many of the aborted growths in 
the spikelets exhibited a minute hole in their glumes 
through which the adult insect had apparently emerged. 
Many of those which did not show such a hole contained 
a minute red grub, but nothing could be reared out from 
these. It seems, however, pioliable that khas is due to a 
Cecidomyiad. 

These juar heads contained some fully-formed grains, 
all of which w'ere affected by Sitotroqa cerealclhL a small 
Gelecliiad .motli commonly found in granaries. It was, 
however, impossible to determine whether infection had 
taken place in the fields. 

On the same heads a few caterpillars of ('orcyrn 
cephalonica' (Galleriada^; (\ 1079) (Phite IX. fig. 2). 

another but less injurious granary pest, were found binding 
the grains together with silk and nihhliiig them. In this 
ease also it was impossible to dctenniiie ivhether infection 
Jiad taken place in the fields. 

A new species of A ntlspUa {lleliozelida') was sent in by 
Mis. Drake, of Seramixire, Bengal as feeding on Eugenia 
jainholana, Specimens were reared at Pusa from the 
material reieived and have l^eeu imme<l hy ^fr. P. Meyrick 
as Antispila anna, n. sp. (Plate X). 

Stored Grain Pests. The results of our long series of 
experiments and the details of the success tul method of 
storage under sand evolved therefroiii for the storage of 
grains have been fully described in a paper, by the present 
writer and Mr. C. C. Ghosh, in tlie Proceedings of the 
Third Entomological Meieting, now' in the press. Further 
work was continued during the year, especially with a view 
to finding out whether there is any infestation in the fields 
and, if so, to what extent. Tor this purpose samples- of 
ripe ears of wheat and barley w'ere collected from various 
fields on the Farm and are now' under observation. 

G 2 



84 SCIENTIFIC REPOU^FS OF THE AGRICULTURAL RESEARCH 

The Board of Agriculture, at their Meeting in Decem- 
ber 1919, i^ecommended that the problems of grain storage, 
with especial reference to the question of damage by 
insect pests, should be taken up on a large scale and thui 
the staff of the Imperial Entomologist should be increased 
for this purpose. Proposals for an increased staff have 
been included in my general proposals for expansion of 
entomological work in India. 

Trogodorma khapra (Derrnestidie) was under observa- 
tion to ascertain it^ behaviour and seasonal history at Pusa. 
A long cycle occupied the whole period from end of June 
1919 to March- April 1920. The moist weather during the 
Rains and the cold weather in the winter retarded the 
development of the larvae. 

IV. Bees, Lac and Silk. 

Bees. No special work was done with bees except 
carrying on a few colonies of .Ip/6’ indica. A number of 
improved hives were supplied to inquirers in various Pro- 
vinces. 

As noted above, Achroia grisella has now to be added 
to the list of enemies against which the bee-keeper has to 
contend. 

Proposals have been forwarded for the entr}’ of a bee- 
keeping expert, in order to develop this important branch 
of Applied Entomology. 

Proposals for legislation to restrict the importation of 
bees into India, with a view to avoid the importation of 
bee-diseases, are now before the Government of India. 

Lac. The emergence of lac larvae took place at Pusa 
on 29th October, 1919, and 30th June, 1920, the latter being 
a very unusually late date. Broodlac was sent to the Gov- 
ernment Entomologist, (-oimliatore, to the Siif)erintcndent 
of the Agricultural Farm, Ratnagiri, to Gwalior, Lyallpur 
and Mymensingh. Tliere is a great demand for broodlac, 
which cannot be met from Pusa. 

Mr. C. S. Misra, First Assistant, visited Bhopal State 
in December 1919 to advise regarding steps to be taken to- 
develop the lac industry there. 
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The second edition of the Bulletin on Lac Culture in 
the Plains of India has been exhausted and a third edition 
is in preparation. 

During the year several inquiries were received from 
Bengal regarding any possible connection between the pre- 
sence of lac insects and pebrine in silkworms. Specimens 
of lac insects, received from Malda and Berhampore, did 
not reveal the presence of any pebrine bodies in the female 
insects and it is not considered likely that lac insects will 
be found to be affected by pebrine, but experiments on this 
line are being started. In this connection it may be noted 
that both lac and silkworms have been cultivated success- 
fully at Pusa for more than ten years, which seems to 
dispose of the superstition current in the silkworm rearing 
districts of Bengal that cocoon crops cannot )>e siKces>fii] 
if lac and silkworms be grown in the same place. The 
price of lac lias advanced so much recently, having gone up 
to practically ten times the pre-war rates, that the question 
of lac- pro duct ion in India has l>ecome one of no small 
economic iinjxirtance. 

Silk. The sericultural establishment is still on a tem- 
porarj' footing which has been extended up to dlst March, 
1921. In the meantime experiments on mongrclization of 
‘mulberry silkworms have lieon (‘ontimied to see whether tlie 
mongrel races will continue to give silk superior in quality 
and quantity to that of the indigenous nmltivoltine races. 
It will take some time to arrive at definite ceiielusions 
regarding the results of these experiments. 

Univoltine races of Bengal, China, Japan and France, 
and their hybrids, were sent for cold storage to Cuindy, 
Muktesar and Shillong, and were sucoessfully reared at 
Pusa in October-November and in Fchruary-Maroh. Tasjir 
worms were reared in captivity, as well as on trees, and 
their diseases were studied. 

Mulberry silkworm eggs have been supplied to 69 ap- 
plicants and mulberry seeds and cuttings to 26 applicants, 
including tlie Director of Industries, Assam, the Superin- 
tendent of the Northern Shan States, the Director of 
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Agriculture, Bengal, and the Silk Departments of 
Travancore; Gwalior, Indore and Banganapalle States. 
Eri silkworm eggs have been supplied to 91, and castor 
seeds to 5 applicants, including correspondents in Japan, 
Egypt and England. Three Pusa Twisting Machines were 
supplied to the Director of Industries, Assam, the Director 
of Sericulture, Patiala, and the Tyler W^eaving Sch(K)l, 
Shahjahanpur. Two rearers and one reeler were sent to 
the Superintendent of the Northern Shan States, and one 
reeler and one rearer to the Assistant Registrar of Co- 
operative Societies, Lower Burma, to assist the sericultiiral 
industry in Burma. Show-cases showing stages in the 
preparation of eri and mulberry silk were sent to the 
Deputy Collector on special silk duty, Benares, and to the 
Curator of the Victoria Museum, Karachi. Numerous 
inquiries regarding sericulture were dealt with and 
assistance given to inquirers as far as possible. Silk 
pieces to the value of Rs. 1,936-6-0 were sold and the pro- 
ceeds credited to Government and a further Rs. 468-13-0 
worth of pieces were made and kept as samples. 

Silk exhibits to demonstrate I’earing, reeling, twisting, 
spinning and reversing were sent to Calcutta and Bankipur 
in connection with the Peace Day Celebration Exhibitions, 
and a silver medal was awarded by the latter Exhibition.- 
Silk exhibits w^re also sent to Exhibitions at Unao, Chitta- 
gong and Muzaffarpur. 

A Bengali version of Bulletin No. 74, on the experi- 
ments carried out at Pusa to improve the Silk Industry^ 
was published. 

Three students completed the course in sericulture and 
two others remained unSer training at the end of the year. 
Two students from the Sabour Agricultural College were* 
also given some instruction in sericulture. 

V. Illustrations. 

Coloured plates illustrating the life-histories of the 
following insects were prepared during the year, viz,, 
Agrotis flammatra and Cosmophila sabulifera, A large 
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number of colour-notes of Indian Odonata was also done. 
Besides these, about two bundled illustrations in black and 
white, illustrating the life-histories of various insects 
reared in the Insectary, were also prepared. 

A large number of coloured plates and black and white 
illustrations are now in the press in connection with the 
Proceedings of the Third Entomological Meeting and 
various Memoirs and Bulletins. 

VI. Miscellaneous. 

Correspondence. A total of 60 parcels of specimens’, 
mostly of crop-pests, was received during the year for 
identification and advice, whilst 800 letters were received 
and 1,088 issued; these numbers show a slight decrease on 
previous years but are exclusive of a large amount of 
routine correspondence w'hich takes up a considerable pro- 
portion of time which should be devoted to more scientific 
work. 

VIL Insect Survey. 

Steady progress has been made in addition to, and 
arrangement and identification of, the. collection which is 
now a large and important one and continues to expand 
at a rapid rate. In view of the great value of this collec- 
tion, both front an economic and systematic point of view, 
to future students of Indian Entomology, every eflort is 
made for the proper preservation of the large mass of 
specimens, a task whicli is by no means easy in a climate 
such as that of Pusa. This year, for example, owing to the 
abnormal heat in June, the parafhn-wax in the store- lx)xes 
melted. The more iri^eplaceable portions of the collection 
and those liable to most damage from mould evre therefore 
l)eing placed in cabinets which are being obtained as 
rapidly as possible. The staff required for the upkeep 
(which includes the sorting and identification, as well as 
the mere preservation, of the l/jkhs oi specimens already 
accumulated and of the thousands received e\ery year) has 
not been increased since a time, many years ago. when the 
collection was comparatively quite small ; yet this work is 
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constantly expanding and has already become very heavy, 
although this is only one branch of the activities of the 
Entomological Section. 

During the year small lots of Ichneumonidae, Tenthre- 
dinidm and Bees have been ixiturned named after examin- 
ation by Messrs. Morley, Rbhwer and Professor Cockerell 
respectively. The collection of Hymenoptera is in good 
order and well named up except for the Braconidae and 
Chalcidoidea. 

The collection of Coleoptera is in fair order but there 
is a large amount of unnamed material to be sorted out, 
named and incorporated. The Bruchid?e sent to Dr. 

G, A. K. Marshall have been returned, partially named, and 
a few Curculionidse have also been received back, named, 
from Dr. Marshall Staphylinidae were received back, 
named, from Dr. M. Cameron and Carabidec from Mr. 

H. E. Andrewes. A small lot of Cicindelidae sent to Mr. 
S. W. Kemp was received back unnamed. On receipt of 
the “ Fauna” volume on Hispinae and Cassidinm the occa- 
sion was taken to revise and name up the whole of {ho 
Hispinae and part of the Cassidinac. The Paussidac also 
have been revised and identified. 

The Lepidoptera are in fair order but many accessions 
remain to be incorporated. The Microlcpidoptera collets 
tion is contained in cabinets and is by far the larg('st 
collection in India; a few specimens were sent to Mr. 
Meyrick for identification and have been received back 
named. 

The Orthoptera have not boon arranged since the late 
W. F. Kirby identified the earlier collections ten years ago. 
Since then a mass of material has accumulated and arrange- 
ments have now been made for it to be worked over by Mr. 
Morgan Hebard, of Pliiladelphia, to whom the collection 
will !je sent for study as soon as the necessary box(‘s have 
been received. 

The Neuroptera (sensu anti quo) also require a good deal 
of work. The Odonata have been revised during the last 
year and this portion of the collection has been greatly 
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extended and is now fairly representative of the Indian 
Region. Arrangements have been made with Mr. Esben 
Petersen, of Denmark, to work over the Myrmeleonidse and 
allied groups, and these will be sent to him for study. 

The small collection of Diptera has been studied and 
mostly named up by Mr. E. Brunetti so far as concerns the 
Nematocera and Brachycera, but requires considerable 
rearrangement which will, it is hop^d, be taken up this cold 
weather. 

The Rhynchota require a whole-time worker to go over 
the vast accumulation of s{>ec*imens and reduce them to 
order. Several consignments of Cocci ds were sent out for 
identification during the year. 

The following collections, sent out in previous years, 
have not yet been returned : — 

(/) Histcridae to Mr. G. Lewis. 

(?i) Longicorn beetles to Dr. Gahan. 

{Hi) Rhynchota to Mr. W. L. Distant. 

(ir) Tetrigina' to Dr. J. L. Hancock. 

(r) Aquatic Rhynchota to the late Mr. C. A. Paiva. 

(ti) Ilispinse and ('assidinae to Professor S. Maulik. 

Numerous collections of Imlian insects have been 
received and named and returned as far as possible. These 
included collections sent by the Forest Research Institute, 
the Provincial Agricultural Departments, the Bombay 
Natural History Society, and by numerous correspondents. 

VIII. (\\TAU)OUE OF InOIAX InSFXTS. 

At the Third Entomological Meeting, held at Pusa in 
February Ifill). it was msolved that there is considerable 
need of a catalogue of all described Indian Insects with 
complete references to literature concerning them, espe- 
cially that published in India, and a «!?tandiiig Committee 
was formed to give efiect to this resolution. During the 
past year this work has been j>ushed on as far as possible 
and I have brought up to dale catalogues of all families of 
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Microlepidoptara and Neuroptera, have prepared new 
catalogues of Phasmidae, Mantidae, Gryllidae and Phasgo- 
nuridse, and have supplied references to publications during 
the year on Indian Insects as regards Coleoptera, 
Rhynchota and Diptera to Messrs. Beeson, Andrews and 
Senior-White who are respectively responsible for these 
sections of the general catalogue. The Acrididse remain 
to be taken up to complete the Orthoptera and it is hoped 
to do this in the near future. 

IX. Programme of work for 1920-1921. 

Major. 

This will follow generally on the lines of work of the 
current year and will include general investigations of 
crop-pests and especially of the pests of sugarcane, rice and 
cotton, of fruit-trees, and stored grain. 

Minor. 

Results in various lines of work require to written 
up and published as far as possible. Work and exp;eri- 
meiits in silk, lac, and bee-keeping will be continued and 
new insecticides and insecticidal methods tested as 
occasion arises. Systematic work on Indian insects will 
be carried out with our resources and the help of specialist 
correspondents. The catalogue of Indian insects will oe 
proceeded with. Advice and assistance will l)e given as far 
as possible to Provincial Departments and to all inquirers 
on entomological subjects. 

X. PuBLICAT[ONS.' 

The following publications, either written by the Pusa 
staff or based on material sent from Pusa, have been 
actually issued during the year ended 30th June, 1920 : — 

Brunetti, E. . Diptera Brachycera, Vol, I. {Fauna of India 

series.) 

. New species of Staphylinidse from ladiu- 
I. {Eniom. Mo. Mag.^ June 1920.) 


Cameron, M. 
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Cockerell, T. D. A. . Descriptions and records of Bees. 

L XXXVII, {Ann. Mag. Nat. Hist. (9), 
IV, 355-3G0.) 

,, Some Indian Bees of the genus Andrena. 

(Entom.y June 1920.) 

De, M. N. . . . Bengali edition of Bulletin 74 on the experi- 

ments carried out at Pusa to improve the 
Silk Industry. 

Dutt, G. R. . . Entomological Notes 105, 106. [Fusa Bull. 

89.) 

Elliot, E. A. , , Two new Stephanidue. [Entom.^ Ill, 162- 

163.) 

Felt, E. P. . , New Indian Gall Midges. {Entl. Mem., 

Vol. VII, No. 1.) 

Fletcher, T. Entomological Notes 102-104, 107-113, 115- 

Bainbrigge. 118, 121-128, 130-145, 147-150, 152, 153, 

157, 158, lGO-16.5, 167, 168, 170, 172, 173, 
178-180, 182-185, 187, 189, 190, 193, 197, 
199, 200. {Pusa Bull. 89.) 

,, Agricultural Entomology. (A7in. Rep. Bd. 

Sci. Adc. India^ 1918-19.) 

Fraser, F. C. . . Notes on some new and other Indian 

Dragonflies. {Joutik Bomh. Nat. Hist. 
Soc.) 

,, Description of a Rhinocyphine larva from 

Shillong. {Entl. Mem., Vol. VII, Au. 

Marshall, G. A. K. . Some new injurious Weevils from Asia. 

[Bull. Ent. Res., IX; July 1919.) 

Maulik, S. . . Chrvsomelidee, Hispina? and Cassidin^. 

(Fauna of British India.) 

Meyrick, E. . . Exotic Microlepidoptera, Vol. II, pts. 8-10. 

Ramachandra Rao, Y. Laniana Insects in India, being the report 
on an inquiry into the efficiency of in- 
digenous insect pests as a check on llio 
spread of Laniana in India. {Enil. Mev\,, 
Vol. V, No. 6.) 

Rohwer, S. A, . . Three new species of Indian Drynnid para- 

sites of Rice Leaf-hoppers. {Proc. IJ. S. 
Natl Mas., LVII; June 1920.) 
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In addition to the foregoing, the following publications 
were in the press at the close of the year 


De, M. N. 


jy 


Fletcher, T. 
Bainbrigge. 

a 


ty 


yy 


y> 


M 


yy 


yy 


yy 


The Pusa experiments on the improvement 
of ^Mulberry Silkworms, (Rep, of Proc. 
of Third Entl Meeting^ pp. 800-808.) 

The best method of eliminating Pebrine 
from multivoltine Silkworm races in 
India. (loc. cif., Pl>- 809-8:15.) 

Annotated List o! Indian Crop-pests. (Rep. 
of Proc, Third Entl Meeting, pp. 33-314.) 

Life-histories of Indian Microlepidoptera. 

(Joe, cit,y pp. 838-857.) 

Hints on collecting and preserving Insects. 

Hoc. rit.y pp. 036-9740 
Xote on a very curious Georaetrid larva. 

(loc, cit.y p. *9780 

Indian Epipyropidse. (hc.'^cii,, pp. 978- 
982.) 

Indian Fossil Insects. (loc. cit,, pp. 982- 
989.) 

The desirability and practicability of the 
preparation and publication of a General 
Catalogue of all described Indian Insects. 
{loc. cit.y pp. 980-999.) 

Xote on Plant Imports into India, (lov. 

^ cit., pp. 1051-1060.) 

Life histories of Indian Insects: Microlepi- 
doptera, Pteropboridee. (Entl Mem., 
Vol. VL No. 1.) 

Ditto ; Carposinidee, Pbahmiada?, Tortneidse 
and Eucosmidse. (loc. rit., No. 2.) 


Ditto: Gelecliiadip. {loc. at.. No. 3.) 

Ditto ; CosmopterygidtP, (Ecopboridir, 
Physoplilidie, Xyloryctidte, Stenoniidso 
ami Orueodidte, (loc. cit., No. 4.) 

Ditto: HeliozelidiP, IleliodinidBe, Glyphi- 
pterygid®, Blastobasidw and Hyponometi- 
tidie. [loc. cit., No. 5.) 

Ditto: Gracillariadse. (loc. cit., No. 6.) 
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Fletcher, T, 
Bainbrigge. 

>> 

Fletcher, T. 
Bainbrigge 
Ghosh, C. ( 


Fletcher, T. 
Baiobrigge 
Misra, C. S 
Ghosh, 0. C. 


Misra, C. S. 


Life-histories of Indian Insects : Eper- 
ineniadie, Plntellidae and Lyonetiadse. 
[Joe. cit., No. 7.) 

Ditto: Tineida* and NepticulidEc. {loc.cit.y 
No. 8.) 

Ditto: Appendix, {loc. cti., No. 9.) 

Borers in Sugarcane, Bice, etc. {Rep. of 
and Rror. of Third Enil. Meeiing, pp. 354- 

418.) 

The preservation of wood against Termites. 

Hoc. riT., pp. 705-712.) 

Stored Grain Pests, {loc. cit., pp, 712-701.) 
Notes on rearing Insects in hot countries. 

[he. cit., pp. 875-892.) 

Cotton Bollwornis in India, {loc, cit.^ pp. 

and 443-472.) 

. A Note on Crabs as pests of Bice. (Rep. of 
Rroc Th ird Knil. Meeting, pp. 680-689.)^ 
Bee-keeping in India. cit., pp. i70- 

782.) 

Suggestions reirarding publication of com- 
munications on Indian Insects, {loc, cit., 
pp. 1034-1042.) 

Some aspects of Economic Entomology in 
India, {loc. rit., pp. 1072-1080.) 

Some Indian Economic Aleyrodidae. {Rop. 
of Ftoc. Third Entl. Meeting, pp, 41S- 
433.) 

The Bice Leaf-hoppers, {loc, cU., pp. 433- 
4-13.) 

Some posts of Cotton in North Bihar, (loc, 
nt., pp. 547-562.) 

Index to Indian Fruit-pests, (loc. cit,, pp. 
5()4-596.) 

Tul’ra disease of Mulberry, (loc, cit,, pp. 
610-618.) 

Lac-culture in India, {loc . ciE, pp. <82- 
800.) 
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Misra, C. S. •. . Tlie Rice LeaMioppers. [l^efhoUi^ 

hipunctatusy Fahr, and Nephotetti^ 
apicalisf Motsch.) (Entl, Mejn,, Yol. V, 
No. 5.) 

Woolly Aphis. {AgricL Joum. Indui,) 
Riimachanclra Eao, T. Lantana Insects in India. {Rep. of Proc. 

, i Third Entl. Meeting, pp. 671-680.) 
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REPORT OF THE IMPERIAL PATHOLOGICAL 
ENTOMOLOGIST. 

(The late F. M. Howlett, B.A., F.E.S.) 

(Mr. Howlett died at Masuri on 20th August 1920, 
before writing his Annual Report for the year ended 30th 
June 1920. The following Report has been written by me 
from such information as is available. — T. Bainbrigge 
Fletcher, Imperial Entomologist.) 

1. Charge and Establishment. 

The Imperial Pathological Entomologist was in charge 
of the Section during the year. The deputation period 
under the Indian Research Fund to conduct an investiga- 
tion into mosquito repellents ex{)ired on 24th July 1919. 
The Imperial Pathological Entomologist left Pusa for 
Dehra Dun on 4th February 1920, to take charge of the 
Zoological Branch of tlie Forest Research Institute and 
('ollege in addition to his own duties. lie was in charge 
of the Forest Zoologist s office from February to 9th July 
1920. 

At the request of Mr. H. E. Cross, C'aniel Specialist, 
Sohawa, Mr. P. G. Patel has been deputed to work with 
him on Surra transmission experiments. 

Mr. H. N. Shanua was on deputation in connection with 
the mosquito repellents investigation until 24th July 1919. 

M. Shaffi, Fieldman, was on deputation for six months 
from July 1919 in connection witli the Kala-Azar investi- 
gation at the Pasteur Institute, Shillong. 

11. Work Done. 

In September 1919 the Imperial Pathological Entomolo- 
gist took up work on the efTec't of alkaloidal poisons on rats 
(undertaken at the suggestion of the Secretary, Indian 
Research Fund Association), and of X-rays on mosquito- 
larvse, in collaboration with ('aptain Barnard of Colaba 
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Hospital. He also attempted to discover the insect carrier 
of a short-period fever which was seriously impairing the 
efficiency of ships' crews in dock. Experiments wmre also- 
undertaken at Bombay on ridding railway carriages of bed- 
bugs, at the r^uest of the Bombay Baroda and Central 
India Railway. 

As arranged by the Hon'ble Member and the Military 
authorities, the Imperial Pathological Entomologist was 
directed to resume Surra w'ork and carry out a fly-survey 
in the Punjab and North-West Frontier Province. He 
accordingly left Bombay on 25th September 1919 for this 
work and visited the following places with Messrs, P. G. 
Patel and S. K. Sen, Assistants, in connection with this 
survey, piz„ Karachi, Jacobabad, Quetta, Lahore, Camp- 
bellpur, Basal, Jhalar, Nowshera, Attock, Lawrencepur and 
Peshawar, and many other small villages. In connection 
with this work also, an abstract of all rejR>rts received from 
Veterinar}" Officers with regard to Surra and Horse Flies 
has been sent to the Director, Veterinaiy Services in India, 
Simla. 

The Mosquito Campaign on the Pusii Estate was conti- 
nued throughout the year. 

Mr. P. G. Patel, Eniomological Assistant, reports as ' 
follows on his wmrk during the year 

‘‘ From November 1919 to February 1920 observations 
were made regarding the activity of the parasites of 
Tabanidae. 

Tabanid parasites are in the habit of laying their ‘eggs 
inside the eggs of Tabanus. The egglaying period of 
Tabanidse is (1st brood) from Februarj^ to April, (2nd 
brood) from June to July, and (3rd brood) from SejitemL^r 
to Octoter. There are certain spec’ies of Tabanus which 
may be found to lay their eggs either in May or August, 
but the majority behave in the manner stated above, 

Tabanid parasites liave been observed during the whole 
egg-laying period of Tabanidse more or less, but no record 
seems to have been made regarding the behaviour of Taba- 
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nid parasites during the cold season when the adult Taba- 
nid flies are said to be absent. 

“ I started collecting egg-masses and examining them 
for parasites from the beginning of November 1919. On the 
3rd November 1919, 33 egg-masses ot Twbanus sanguineus, 
11 eg g-masses of T, albimedius and 7 of Chrysops stimuf/ifis 
were obtained. Nearly half of th..oe eggs were found 
empty. The egg-masses of larger species, namely T. 
albimedius and T. sanguineus, were found infested with 
parasites, the Chrysops eggs being free from the parasite/ 
On 10th November 1919, parasitized egg-masses of T, 
albimedius and 1\ crassus were collected; parasites from 
the eggs of both these species were seen emerging on lltb 
and 12th November. Two T. albimedius were seen on the 
river bank on this date. On loth November 1919, nine 
egg-masses of T. sanguineus, two egg-masses of T, nlhl 
medius, eleven of T. bieallosus and one of C. stimulans were 
collected. Parasites from egg-masses of T. sanguineus and 
1\ albimedius only were noted to emerge from I7th to 20tb 
November 1919. One adult fly of Tabanus crassus was 
seen at this time. Full-grow*n larvae of T, albimedius were 
met with oh 21st November 1919. On 24th November 1919, 
57 egg-masses of T. crassus, 9 unliatched and 43 hatched, 
v^eve obtained. No adult fly wms noted on this date. 

“ On 27th November 1919, five egg-masses of Chrysops 
stimulans and 2 hatched ones of the same species were 
obtained. No parasites wxre found to emerge from these 
eggs. 

‘ Five egg-masses of T. albimedius and 4 old egg-masses 
of the same species were collected on 28th November 1919. 
Parasites from these eggs were noted on 30th November 
1919. No trace was seen of T, hilar is, T. nemocallosus or 
T. hrunnipennis, which are common during the Rains at 
Pusa. Full-grown and also young larvae of T, albimedius « 
were obtained on 30th November. 

“ Three egg-masses of T. bieallosus were collected on 
30th November. From one of these there emerged four 


a 
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very small parasites on 2nd December. These parasites 
were different from those of the larger species of Tabanus. 

“ Parasitized egg-masses of T: albimedius and 
T. crassiis were obtained on 2nd December, 

“ Fifty-one egg-masses of T. crassus and T. albimedius 
were obtained on 8th December but only six of them were 
found to contain larvae and parasites. Parasites began to 
emerge on 11th December. 

“ Eggs of T. sanguineus and T. albimedius collected on 
27th November were examined on 8th December and a few 
were found to harbour parasites in their pupal stage. 

“ The following egg-masses, both old and fresh, were 
obtained on 10th December, viz.^ 54 egg-masses of T. crassus, 
29 of T. bicallosns, 7 of C. stimulans^ 5 of T. albimedius. 
Of these only unhatched egg-masses of T. albimedius and 
T. crassus were found to contain parasites. 

“One egg-mass of T. albimedius was taken on 11th 
December; parasites from this egg-mass began to emerge on 
13th December; all these parasites were quite active and 
some of them were seen to be pairing. 

“ Several egg-masses of spiders, which were found near 
the egg-masses of Tahanus, were also collected to see if the 
Tabanus parasites could be obtained from them. Many 
spiders' eggs were found infested with hymenopterous 
parasites, but they were quite different from those of 
Tabanus. 

Three egg-masses of T. albimedius were obtained on 
15th December ; and one of these began to hatch larvae on 
17th December; parasites began to emerge on 19th and 20th 
and were found pairing on 21st December, some of them 
surviving until 31st December. The total number of para- 
sites which emerged from a single egg-mass of T. albimedius 
was 237, whereas the number of lanse which emerged from 
the same egg-mass was 55. 

“Thirteen egg-masses of T. sanguineus and two of 
T. albimedius were obtained on 18th December and from 
these parasites were seen to emerge on 23rd December, 
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One egg-mass of T, crassus^ obtained on 23rd Novem- 
t)er, began to hatch out parasites on 20th December; this 
^gg-mass was kept undisturbed outside the Laboratory in 
a tank full of water and mud, and the parasites were 
noticed to survive until 6th January 1920. 

“ Fresh egg-masses of T. hicallosus and C hr y soys sp. 
were found on 26th December, but no parasites emerged 
from these eggs. 

‘‘ One old egg-mass of C. stimnlans was examined care- 
fully and was found to contain several parasites of a 
smaller variety. 

“ Two very old egg-masses of T. albimedins, covered up 
with a kind of fungus, were obtained on 4th January. One 
of these was opened up on that date and was found to con- 
tain living parasites. 

“ One egg-mass of 1\ sanguineus was noticed to hatch 
out parasites on 4th January. 

“ One egg-mass of T, alhimedius began to hatch out 
larvae on 7th January. The parasites from the same mass 
emerged on 8th January. 

“ The total number of parasites which emerged from 
a s-ingle egg-mass of T. alhimedius was 253 and the number 
of larvae which emerged from the same mass was 57. 

‘‘ One old egg-mass of C, stimuluns was found to contain 
parasites (small variety) on 9th January. 

“One egg- mass of 1\ sanguineus obtained on 31st 
December began to hatch out larvae on 7th January 1920; 
parasites emerged from this mass on 9th January. 

“ Several parasites were seen emerging from the egg- 
masses of 7\ alhimedius A I\ crassus which were collected 
during the second week of December ; on breaking open the 
egg-masses, the parasites were found alive on 15t]i January. 

“ One egg-mass of T. crassus. collected on llth Janu- 
ary, was seen hatching out parasites on 18th January. 

*‘One egg-mass of T. alhimedius type, which \vas 
covered up with fungus, began to hatch out parasites on 
29th January. 

H 2 
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“ One freshly-laid egg-mass of C. stimulans was fouinS 
on 8th February. 

Eleven egg-masses of C. stimulans were obtained on 
15th February ; no parasite emerged out of them. 

“ One adult T. albimedius was seen on 20th February, 

“ Three old egg-masses of T. crassus were obtained on 
23rd February, but no trace of parasites was seen amongst 
them. 

“ Three freshly-laid egg-masses of T. albimedius were 
obtained on 23rd February, and by 27th February 71 para- 
sites emerged from these egg-masses. 

“ One egg-mass of T, bicaUosus was observed on 231(1 
February with one parasite on it; it was kept under 
observ^ation and seven parasites were found to emerge on 
1st March. 

“ Between 25th and 26th of February 91 egg-masses 
were collected; they belonged to T. alhimedms, T. virgOy 
r. bicaUosus and C. stimulans, 

“ Egg-laying of Tabanids was noted in large numbers 
at Birouli ghat where the Estate cows were accustomed to 
graze. 

‘‘ Besides the foregoing, work on the parasites of birds 
was continued at Pusa, the following parasites being 
obtained from different nests: — (i) Two species of bloo(^- 
sucking midges of the genus Culicoides were found in very 
large numbers in crows’ nests. The nest of a crow was 
invariably found lined with horse hairs and the midges 
were found inside the hairs (juite inflated with bkx^d. The 
members of the genus Culicoides are in the habit of draw- 
ing more blocxl than they can carry on the wing ; I have very 
often marked these flies quite incapable of flying after their 
meal of blood. About 6 per cent, of the crows’ nests were 
found infested with blood-sucking midges whereas the nests 
of several other birds which were examined on various 
occasions did not reveal the presence of these midges, 
(n*) Squirrel bug: This bug has proved to suck blood of 
man, rabbit and goat under Laboratory conditions. It was 
found mainly inside the nests of squirrels. It belongs to* 
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the family Lygaeidse, No bug of this family has hitherto 
been recorded to suck blood, although many of them are 
known to harbour Flagellates, either Uer^Momonas or 
Crithidia, The life-history of this bug, from egg to egg, 
has been worked out. A species of ^tomoxys, 
apparently S, oblongata, was found to breed inside the nest- 
materials of the Mynah and of a kite. (/?;) Phlehotomus 
argentipes: Flies of this species w^ere observed to emerge 
out from the nest-materials which ivere heaped up in a glass 
aquarium. On examining the nest-materials no larvae were 
seen but seven empty pupal cases were met with. Flies of 
this species were also noticed on several occasions in very 
large numbers inside the cages of Ostriches and other birds 
in the Victoria Garden at Bombay, (r) CUnocoris hemip- 
tenis {Cimex rotundatus) was obtained from a MynaK^ 
nest, which was situated on a wall of the Tara Stable at 
Pusa. All the stages of the bug including moults were re- 
covered from the nest. Five pupa* of II ippobosca macvlata 
were also found in this nest, {vi) A Muscid Fly was found 
to breed in the nests of a bird called SiroU in Bihar, 
(ci/) The life-history of Passeromyia sp., perhaps hetero^ 
chwta (blood-sucking maggots), has been worked out from 
egg to^gg with a plate. One other kind of blood-sucking 
maggot has lately been obtained from the nest of a crow 
at Sohawa.” 

l\Ir. S. K. Sen, Entomological Assistant, submits the 
following report on his work during the year : — 

‘‘ (1) The experiments started with a view to finding 
nut the correspondence, if any. Ix^tween the toxicity of salts 
and their position in the Periodic system were concluded. 
All the chlorides of Group iii (1), /.c., CaCfi BaCl^ and 
MgClj behaved similarly, their toxicity being small, but the 
behaviour of BaCfi was not quite clear, for in two instances 
it showed rather pronounced toxicity. CdClj which, along 
with HgClj and ZnCl^, falls under Group ii (2), proved 
to be highly toxic; ZnCl^ had the disadvantage of forming 
basic precipitate in which condition, however, it appeared 
highly toxic. With regard to Group i (1), LiCI, NaCl, 
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KCl (and NH^Cl), all, except LiCl, appeared to have very 
little toxicity, the exceptional behaviour of LiCl being what 
was expected. It should be mentioned that as some of the 
chlorides were insoluble in water, attention had to be con- 
fined only to those chlorides that entered into true solution 
with water, and for the study of toxicity equimolecular 
solutions of the salts were always taken. 

‘‘ (2) Experiments were continued on the correspondence 
of the toxicity of volatile organic compounds to their boiling 
points. Cotton plugs thoroughly soaked in the chemicals- 
were allowed to remain for 48 hours in small phials con- 
taining a thin layer of water, care being taken not to bring 
the plug in contact with the water. Three larvae of 
Steaomyia scntellaris were then introduced in each of the 
phials and the time when they died noted. The data so far 
obtained are scanty and do not warrant a definite 
conclusion. 

“ (3) Observations were continued on the comparative 
behaviour of larvae and pupae of mosquitos towards soluble 
and insoluble salts and poisons. Whereas mosquito larvae 
are generally readily killed by minute quantities of IlgCl 
sprinkled in water, the pupae have almost always beeft found 
to resist the action of the salt and to turn into adults. The 
same was observed with other halogen salts of mercury 
which were insoluble in water and also some of the insoluble 
alkaloids. The results obtained seemed to confirm the pre- 
vious conclusion that the soluble substances operate chiefly 
cutaneously and the insoluble substances orally (‘ Effect of 
mercurous chloride on mosquito larvae,’ read before the Sixth 
Science Congress). 

“ (4) In connexion with the Imperial Pathological 
Entomologist’s work on * Culicifuges ’ a series of concurrent 
observations was carried out on the deterrent effects of the 
following chemicals on Chwtodacns zonaius with a view to 
finding out any analogy between the chemotactic reaction 
of fruit flies and that of mosquitos. The experiment con- 
sisted in dissolving varying quantities of methyl eugenol 
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in spirit, adding fixed quantities of the repellents to the 
solutions and exposing the mixture in equal quantities. 
The following is an abridged statement of the average 
number of flies that came to the repellents (which were tried 
in various strengths) : Cinnamic aldehyde, 0; Turpentine, 
38*2; Camphor, 17*4; Napthaline, 22*6; Kerosine, 12-2; 
Benzine, 26*8; Acetic acid, 19-2; Carbolic acid, 0; Oxalic 
acid, 11*8; Hydrochloric acid, 10*8; Sulphuric acid, 3-4; 
Mercuric chloride, 0; Soap (unscented), 12*8; Formalin, 
28*6; Amyl acetato, 78; Control (Methyl eugenol only), 33*2. 
Some chemical change seemed to have taken place in the case 
of mercuric chloride. 

“ (5) A further attempt was made to find out the role of 
blood in ovulation in mosquitos. In my previous paper it 
was stated that eggs were obtained with peptone and in 
a few cases with milk, but the exceedingly small percentage 
of successful experiments pointed to some accidental factor 
being responsible for ovulation. The following were some 
of the standpoints from which the problem was attacked : — 

(i) Leucocytes are present in the blood of both 
vertebrates and invertebrates (which have been 
fouml to be attacked by mosquitos). As 
leucocytes are characterized by amaeboid move- 
ments and also in some other respects tliey 
present a near parallel to Aiucaha and Euglendy 
it was considered probable that the larval habit 
of eating Euglena in water was continued into 
the adult habit of eating leucocytes (while 
sucking blood); and if so, Euglena might take 
the place of leucocytes even during the adult 
stage. But out of the three experiments tried 
with Euglena (sweetened with cane sugar), only 
in one case were eggs laid by S. sugens. The 
three experiments were continued for three 
weeks. The result is, however, of interest inas- 
much as this is the first instance in which eggs 
were obtained with a mosquito other than 
S. scutelhris without any meal of blood. 
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{it) Eggs were obtained in two out of four experiments 
tried with shed goat’s bloods (sweetened with 
cane sugar). With a view to studying the effects 
of the 'different constituents of blood, attempts 
were made to separate out the serum from the 
shed blood by means of a centrifuge but this did 
not succeed, probably on account of failure to 
prevent coagulation. 

{in) Willstatter has recently confirmed the analogy 
that was believed to exist between chlorophyll 
and haemoglobin, but no eggs have hitherto been 
laid by mosquitos fed with sweetened plant 
juice. 

{iv) Mosquitos enclosed with tender plants (from 
which they could suck the juice if they would) 
died within four days without ovipositing. 

(c) In view of Goeldi's opinion that ‘ honey and other 
sweet substances have an inhibitory or neutral 
influence on reproduction.’ saccharine and gly- 
cerine in various strengths were oflered to the 
mosquitos but they refused even to taste any of 
the liquids. 

“ (6) A large number of experiments was carried out on 
the behaviour of bed-bugs in a varying teinporature. 
Healthy adult bed-bugs were enclosed in very small air-tight 
tubes designed to contain the least possible amount of air, 
and the tubes containing the bugs were immersed in water 
kept at a fixed temperature by means of electric current. 
The experiments necessitated sustained observation in order 
to discriminate between apparent and real death. The main 
issue of the experiments was the establishment of the fact 
that a two minutes exposure to a temperature of 52^0. is 
generally sufficient to kill the bed-bug. 

(7) In July 1919 the following were discovered in the 
hole of an old tree 

(i) A large number of adult sand-flies {Phlebotomv^ 
8p. near minutus), 
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(ii) A few Culicoides adults (exceedingly minute 
species), 

(Hi) One Ceratopogon adult and a fairly large number 
of Ceratopogon larvee, and 

(/o) Innumerable larvae of Culicoides (which could be 
seen with difficulty with the naked eye) along 
with the larvse of Syrphidae, of Psychoda and of 
a species of acalyptrate fly. 

‘‘ Young stages of the sand-fly could now here be found. 
Some Culicoides and Ceratopogon adults wxre bred out. 

" Tlie Culicoides larvee could never be found in the loose 
debris wdthin the hole but they lodged themselves in the 
fungi and other vegetation that had overgrowm the inner 
walls of tlie hole. The position, shape and depth of the 
hole aflurded ready protection against wdnd and rain, the 
source of blood, their food-supply, being i)robably a large 
gecko which was found inhabiting it (some of the 
Phlehotomns adults were frequently noticed gorged with 
blood)," 

Mr. H. X. Sharrna, Entomological Assistant, submits the 
following report on his work during the year : 

On the Imperial Pathological Entomologist receiving 
orders to investigate Culicifuges for the Military Depart- 
ment, I wms (liriH'tcd by him accordingly first to make an 
inquiry by practical tests into official or other well-known 
preparations and then into any other substances which 
might suggest tlicmselves as possibly helpful in securing the 
ultimate object of the inquiry. This object was to obtain 
a preparation absolutely effective against mosquito^ a 
period of not less than three hours. 

"According to the alwve directions the work was 
arranged under the following heads : 

" (/) Severe practical tests of preparation in official or 
general use; 16 preparations wxre tested against hungr\ 
Armigeres obturbans, in cages containing not less 
females. T' hree gra ms of sol i d or 2 h com . o f Ti qu id ]u 1 1 i a 
tions, covering the hand and the forearm up to an inci 
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below the elbow, were used in each test. The numbers re- 
present time in minutes before biting began. 

“ Two lasted for an average of 1^ hours, three for one 
hour, the rest for less than an hour. In the case of each 
of the three first-named preparations (Nos. 1, 2 and 3) one 
mosquito bit before the expiration of 10 minutes during 
one test, although general biting did not begin till long 
afterwards and all the mosquitos were hungry. In taking 
the average figure, these three results have been omitted, as 
also one test in which Lawson’s pomade remained effective 
for 155 minutes. 

“ The following is the detailed list and the figures, as 
given, fairly represent the relative average eflScacy of the 
different preparations : — 

(1) Lawson’s Mosquito Pomade . 89 Consistency ’ gooi 

Irritation percep- 
tible when fresh hut 
transient. 


(2) Cassia, camphor and soft-para- 87 Consistency fair, 
ffin (official). Irritation very per- 

ceptible. 


(o) Citronella 

. 62 Liquid. 

Irritation 


negligible. 


|4) Eucarcit 

. 60 Liquid. 

Irritatirin 


negligible. 


(5) Pa rat ju it vaseline (Mes? 

rs. 54 Tafjuid. 

Irritation 

Tbomas). 

negligible. 


(6) Muscatol 

. 42 Liquid. 

Irritation 


uegligil)le. 


(7) Bamber oil (official) 

. 42 Idquid. 

Irritation 


negligible. 


(8) Mosquito essence (A. and 

N. 17 Liquid, 

Irritation 

Stores). 

negligible. 


(9) Menthol and Turpentine 

17 Liquid. 

Irritation 


negligible. 


(10) Naptha! ine (8), soft soa[> 

(1) IG Consistency 

not very 

(official). 

good. 

negligible. 

Irritatiou 

(11) N. C. I. Powder (official) 

. 15 


(12) Kerosinc oil . 

. 9 


(18) Eucalyptus oil (Kemp) . 

. t 


(14) Keating’s powder . 

2 
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(J5) Vermijelli (official) ... 1 

(16) Carbolic acid (3), soft soap (1) Can hardly be tested 

as it removes the 
' epidermis. 

“ (u) Similar tests were made with about 140 other 
substances from which it appears that it is hardly possible 
to produce a preparation which will remain fully effective 
for 3 hours. 

“ A brief list of some of those substances which remain 


effective for over 9 minutes is given below : — 
(1) Cinnamic aldehyde (13), castor oil (100) 

. 100 

(2) Creosote (1), Ke^rosino (19) . . 

60 

(3) Creosote (5), Castor oil (100) 

50 

(4) Cresol (5), Castor oil (100) 

55 

(5) Carbolic acid (5), Castor oil (100) 

40 

(6) Iodoform (5), Methylated spirit (lt)0) 

45 

(T) Thymol (5), iletbyiated spirit (100) 

25 

(8) Mustard oil 

25 

{!!) Alcoholic extract of bed bugs 

15 

(10) Propo.sote (creosote, phenyl propionate) 

36 

(11} Safrol (50), Castor oil (100) 

30 

(12) Vinegar 

20 

(13) Xapsal (10), Castor oil (100) 

20 

(11) Alcoholic ext. of liutcb .... 

10 

(15) Orthonilrotoluol (^10), Castor oil (lOO) 

10 

(lb) Tar oil (5), Castor oil (100) 

10 


“ {Hi) Tests of repellent power at a distance of 3-4 
inches. About 40 substances were tested by a comparative 
method. These led to the conclusion that (1) the factors 
concerned witli distance re])ulsion and contact repulsion 
are probably not identical; (2) neither distance repulsion 
nor contact repulsion is apj^arently pro])ortional to tlie 
poisonous effect on the mosquito of the vapour of the 
substance used ; (3) mosquitos probahly cannot be kept at a 
distance from the body (by any practically applicable 
chemical repellent) for any length of time. Tlie following 
is the list of some of the chemicals tried. They are in order 
of their merits in each of tlie three series : — 

(1) (i) 01*005010, Napthaline, {ii) Wood oil, (n‘/) Oil of 
Cassia, (le) Eucalyptus oil, (r) Lavender oil,. 
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(vi) Citronella oil, {vii) Kerosine oil, (viii) For- 
malin, {ix) Acetic acid, (w) Mustard oil, (a?/) 
Tincture of Iodine, (xii) Methylated spirit. 

(2) (i) Phenol, Citrondla, Anilin, Thymol, Methylated 
salicylate, (ii) Benzine, Acetic acid, Iodoform, 
. C resol, Carvacrol and Amyl alcohol 

2. Electrical X-rays experiment. Mosquito larvae of 
various ages, pupae and imagines Avere exposed. The effect 
of the one-minute exposure on the newly hatched (one hour 
old) larvae was very prominent, all of them dying within 
29 hours. The other stages did not seem affected. This 
experiment could not be repeated owing to want of facilities. 

3. Observations were made on the effects of depressants 
OB rats. Small doses of cocaine mixed up with bajri flour, 
formed into a dough and made into small balls, ivere offered 
to Mns rattus. The rats were kept singly in cages. At 
the end of three days the rats developed peculiar symptoms; 
they grew wild and bit at my hand and also at cage bars 
and other materials Avhen offered to them. On the eiglilh 
day they showed cannibalistic symptoms and destroyed one 
another. 

'' 4. Mosquito classification work was continued.” 
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eeport of the imperial agricultural 

BACTERIOLOGIST. 

(J. H. Walton, M.A., B.Sc.; 

I. Administration. 

Mr. C. M. Hutchinson, C.I.E., Imperial Agricultural 
Bacteriologist, was in charge of the Section till lOtli April, 
1920, when he proceeded on eighteen months’ combined 
leave. Proposals for the expansion of the Section received 
sanction with effect from 26th October, 1919. Under thi^ 
scheme I was appointed Assistant Bacteriologist from that 
date. 

I was absent on six months’ privilege leave from 27th 
August, 1919, and took over charge of the Section from Mr. 
Hutchinson on 11th April, 1920. 

Mr. N. V. Joshi, B.A., M.Sc., L.Ag., First Assistant, 
was appointed to act as Assistant Bacteriologist from that 
date, and Mr. K. S. Viswanatham, B.A., as First Assistant. 

II. Training. 

Mr. K. Adinarayan Rao, a student Irom Mysore State, 
completed his training in agricultural bactenologv on the 
5th of April, 1920. 

III. Soil Biology. 

Nitrification. Investigations of the nitrification of 
cow'dung, COW' urine, and sheep told manure were cairied 
out, and a paper on the subject was read at the Indian 
Science Congress, Nagpur, 1920, by Mr. Joshi. In the case 
of cowdung it w'as found that, when added in the fresh 
state, no nitrate accumulation took place, but when added 
after storing, under cither aerobic or anaerobic conditions, 
about one-third of its nitrogen was converted into nitrate. 
The nitrogen of the urine was rapidly converted into nitrate 
in the soil. The inhibiting effect of excess of carbohydrate 
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on nitrification was shown by the results obtained when 
straw was added with the dung or urine. ' The losses of ni- 
trogen that take place during storage are being further in- 
vestigated. 

Observations of the effect of these manures on the crop 
yield of oats in pot culture showed the growth of the plant 
to correspond to the amount of nitrate formed in the nitri- 
fication tests, but where a bad physical condition was pro- 
duced in the soil, the yield was smaller than that expected 
from consideration of the nitrate figures. 

Oats were grown in both pots and plots to which roots, 
stems, and leaves or the whole plant of dhaincha {Sesbania 
aculeata) and cowpea were added. The crops obtained 
corresponded to the nitrate formation obtained in the 
laboratory nitrification tests with these plants and their 
parts. 

Study of the wdde variations in the accumulation of 
nitrate during the decomposition of various oil-cakes in 
Pusa soil tend to the conclusion that they arc due to the 
differences in the relative proportions of carbohydrate ami 
nitrogen in the cakes. The oil content had verj^ slight in- 
fluence on nitrification and the addition of such materials 
as cellulose, filter paper, sawdust, starch, cane sugar and 
glucose to cakes rich in nitrogen, retarded the accumula- 
tion of nitrate. Further, in the case of viahua (Bassia 
latifolia) cake, no nitrate was found after eight weeks’ in- 
cubation, except when the cake had previously been 
fermented. 

The nitrogen content of soil under fallow and growing 
crops was studied. Both nitrate and organic nitrogen 
contents of the cropped plots were lower than those of 
fallow plots and the differences were greatest during the 
period of most active growth of the crop. 

Biological analysis of soils. Biological analysis of 
^il from an abandoned coffee estate in Mysore was car- 
ried out. 

Hitrogen fixation. Experiments on the effect of the 
accumulated products of its metabolism on the nitrogen- 
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fixing power of Azotobacter are being carried out. So far 
it api)ears that these produots appreciably lower the 
amount of nitrogen fixation. 

Numerous colonies of actinomycetes have invariably 
been found growing on Ashby's mannito agar plates, ino- 
culated with a dilute soil suspension. Twelve species were 
examined for nitrogen-fixing power. Only minute gains 
were recorded, but as this group of organisms is one of the 
most abundant in soil, their accumulated effect may be of 
considerable importance, and further investigations of their 
activities are being taken up. 

Seven soils, two from Pusa and five from Mysore, were 
examined for nitrogen fixation under anaerobic conditions. 
In liquid culture gains of up to 6-5 mgrn. nitrogen per 
gram dextrose were obtained. Sugarcane megasse has 
proved an admirable medium for the growth of nitrogen- 
fixing organisms. After inoculation with mixed cultures 
of nitrogen-fixing organises, its nitrogen content rose 
from 0 27 per cent, to 1-3 per cent, in two months. 

IV. Indigo. 

Owing to the short rainfall and backward condition of 
•the plant no experiments in manufacture have been car- 
ried out since those mentioned in the last report. 

Pure cultures of iiuiican hydrolysing bacteria were 
maintained in the laboratory; the culture In^^^, the most 
efficient, isolated three years ago, has lost none of its effi- 
ciency in that period. 

V. Stkrilization of water. 

Investigations on this subject were continued, and sup- 
plies of the sterilizer “ E.C.'’ were manufactured for the 
weekly disinfection of the wells on the estate. 

Two to three per cent, of available chlorine was found 
to be the maximum possible obtainable with economy of 
current consumption, and in higher concentrations stability 
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rapidly diminished. 2-5 per cent, is the optimum aimed 
at for economy in production and stability of the product. 

Stability tests showed that solutions of this strength 
could be made stable for six weeks at plains temperatures 
(30^ C.) and for six months or more at hill stations 
{20^—22^ C,). 

VI. Pebrine, 

The work on pebrine was taken over by Dr. A. Pringle 
Jameson, Protozoologist, who arrived in October 1919. 
Laboratory accommodation is being provided for him and 
his staff in this Section. 

YII. Programme of work for 1920 21. 

1. Major subjects. 

General biologv' of soil — 

(a) Nitrogen fixation, symbiotic and asymhiotii'. 

{b) Bacterial fermentatiofi of organic matter in soils, 
(r) Influence of bacterial action on availability of 
phosphates in the soil 

2. special enquirieB. 

{a) Indigo manufacture. 

(b) Other industrial problems connected with micro- 
biological activities. 


3. Minor subjects. 

(а) Plant pathology. 

(б) Revision of laboratory methods in soil biology. 

VIII. Publications. 

Hutchinson, C. XI. . Report on Agricultural Bacteriology, 
1918*19, for the Board of Scientific Ad- 
vice. 

Hutchinson, C. M. , Pebrine in India. Mem. of the Dept, of 
Apri. in Iniia^ Vol. I, No. 8. (7n the 
preii.) 
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Joalii, N. V. . . Studies in Biological Decomposition of Cow- 

dun^ and Urine in Soil. Agri. Jour, oj 
India^ Vol. XV, No. 4. [In the jrress.) 

Joshi, N. V. * • Studies on the Root Nodule Organism of the 

Leguminous Plants. Mev). of the Dept, 
of Agri. in India, Tol. I, No. 9. [In 
the fress.) 
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REPORT OF THE PROTOZOOLOGIST. 

(A. Pringle Jameson, D.Sc.) 

I joined my appointment at Pusa on 17th October. 
1919, but considerable inconvenience and delay were ex- 
perienced in getting the work on silk-worm diseases pro- 
perly started on account of the extreme slowness with 
which the apparatus ordered at home was delivered— 
although ready for dispatch in September 1919, the last 
consignment was not received until Ajiril 1920 — and also 
on account of the lack of assistants, sanction for staff not 
having been received until May. 1 f it had not been for the 
kindness of Mr. C. M. Hutchinson and other heads of 
Sections who lent me sufficient assistance and apparatus to 
goon with, it would have been practically impossible to have 
started certain lines of work. 

The first silk-worm disease that is being investigated is 
pebrine. This disease is caused by a very minute pro- 
tozoan parasite. Sixty years ago the silk industry in 
Europe was nearly extinguished by it and fears are enter- 
tained lest it should assume equally serious proportions in 
India. The work on this dmease was initiated by Mr. 
Hutchinson and it is being carried on from the point where 
he left" off. It falls naturally into two parts. First the 
investigation of the life-history of the parasite, Noseuin 
Umhycis, which causes the disease, and second the investi- 
gation of means of controlling the disease. The second 
line of inquiry is, of course, more or less dependentoon the 
results of the first. 

(a) Life-history of the parasite. Attention is being 
paid at present to the early stages of the life-history— the 
behaviour of the spores when introduced into the gut of 
the silk-worm and the initial attacks of the parasite on 
the tissues of the host. Thi^ work is very difficult to carry 
on in the hot weather as much of it entails the cutting of 
extremely thin paraffin wax sections, but already a con- 
siderable amount of information has resulted from lh» line 
of investigation. It is, however, much too ''.rly in the in- 
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quiry to make any definite pronouncements on the life- 
history. 

(b) Eooperiments on disease control. The following are 
some of the lines of investigation being pursued. Various 
races of silk-worms are being tested regarding their resist- 
ance to disease. Three small httcha rearing houses have 
been erected and in them experiments on disinfection, 
length of life of spores, and methods of iTifection are being 
conducted. The elTecl of climatic conditions on disease is 
being tested. Various rearing methods arc being investi- 
gated in relation to disease, (.’ertain extremely interesting 
facts have been brought to light by these experiments, es- 
pecially with regard to infection of the worms in surround- 
ings highly charged with infectious material and also with 
regard to the letlial qualities of the disease. But here again 
the time has not yet come for making any definite state- 
ments. 

The Government of India liaving accepted Professor 
Lefroy’s rec'ommendation that a seed supply station be 
established in Shillong, the matter is now ]>eing pushed on. 
A site for tlie laboratory buildings has been given by the 
Governors of the Pasteur Institute and a plot of land for 
growing mulberry has been selecte<l. Tlie plans and esti- 
mates have beem drawn up and final sanction is awaited. 
It is hoped that building operations will be started imme- 
diately and the main buildings erected by Octo’oer. Several 
hundred mulberry cuttings liavel)een set out in the Shillong 
Fruit Farm by the Superintendent, Mr. (\ II. Holder, to 
whom thanks are due for his kind assistance. 

Programme of work for 1920 - 21 . 

The iiwestigation of the life-history of }i,oscma 
bomb yds is being continued. The experiments on 
disease control, etc., will be carrieti on and expanded 
in the light of the results ol)tained. Experiments 
on a large scale to test the value of hill amelioration will 
be started next year, as soon as a station is established in 
the hills. It is hoped that a beginning will be made with 
the study of ’^Icherie. 
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REPORT OF THE SECRETARY, SUGAR BUREAU. 
(Wynke Sateb B.A.) 

I was placed on special duty for a period of two years with 
effect from 20th January, 1919, to undertake the collection of all 
available information in connection with the sugar industry in India, 
pending a further consideration by the Governmetit of India of 
the question of establishing a Sugar Bureau. An establishment of 
two recorders, two clerks, and two typists, with one Superintendent, 
waa sanctioned to enable me to curry on the work, but one of these 
posts has been vacant for the whole time, the pay and the tempor^iry 
position not being sufficient to attract a suitable man. The desig- 
nation of my post was changed to that of the Secretary, Sugar 
Bureau, with effect from 13th April, 1919. 

It will not he out of place here to give a brief history of the 
successive steps Government have taken to encourage the industry, 
in the course of which this office came to be created. 

Scientific work on the sugarcane crop was started at Manjri in 
the Bombay Presidency by hlr. Mollison in 1894 and at Samalkot in 
Madras by Dr. Barber towards the close of the last century. In 
these two Presidencies some valuable results were obtained. In' 
Bengal and the United Provinces also some work had been done. 
But it was after the Agricnltural Departments were re-organized by 
Lord Curzon^s Government in 1905 that the foundations of the im- 
portant work being done by Mr. G. Clarke at Shahjahanpur, Mr, ■ 
Somers Taylor and the late Mr. Woodhonse at Sabour, Mr. 
Meggitt in Ass.^m, Mr. Clouston in the Central Provinces, and 
Mr. Robertson Brown at Peshawar in the North-West Frontier 
Province were laid, while the work already in progress in M a Iras 
and Bombay was expanded. 

In 1911 Pandit Madan Mohan Malaviya moved a resolution in 
the Imperial Legislative Council recommending that the duty on 
imported sugar should be so raised as to make it possible for the 
indigenous sugar industry to survive the competition to which 
it was exposed. The late Mr. Gokhale moved an amendment 
recommending that Government should order an enquiry by a 
Committee of competent persons into the present condition of the 
sugar industry in India with a^ view to ascertaining' what action 
could and should be taken by the State to save the ^dustry from 
the threatened ruin. He pointed out that there was a great deal 
that Government could do for the industry even if it M not 
impose a high protective tariff, in the mait^'^ior instance, of 
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making the services of expert chemists available, in the matter 
of the terms on which land might be held, in the matter of 
irrigation and other facilities and so forth. Government replied 
that they were alive to the position and were doing their best to 
improve the methods of cane cultivation and the manufacture of 
sugar throughout the country. Both the resolution and the amend- 
ment were lost. But in November of the same year the question 
of the Indian sugar industry was considered by the Board of 
Agriculture in India, and as the result of its recommendations the 
appointments of a Sugarcane Expert and a Sugar Engineer were 
sanctioned for a term of years. The headquarters of the former 
officer were locat^l at Coimbatore in Southern India ns canes were 
found to flower there (this is not the case in Xorthein India), faci- 
litating thereby the work of raising better varieties of canes by 
crossing. The Sugar Engineer was stationed in the United Pro- 
vinces where more than half the total acreage under the crop is 
grown, his duties being to work out the smallest economical size 
of a sugar factory suitable for Indian conditions and to advise the 
public on factory matters. As stated above, both these were on 
a temporary footing. Nevertheless they marked a stage forward 
in the policy of developing the Indian sugarcane industry. Since 
then almost every meet i rig of the Board lias reviewed the work done 
on this crop at the various experiment stations in the country. 

The great European war brought the question of the Empire 
sugar supply to thi forefront. The usual sources of beet sugar 
supply, Germany, Au.striu-liungary and Russia, having been cut 
off, the world was faced with a serious shortage of sugar, and India 
in common with the rest had to pay heavily for her imports. It 
was in these circumstances that the Board of Agriculture met 
at Poona in December 1917, and the opinion was unanimous that 
the time was ripe for making a further move in the policy of develop- 
ing the Indian sugarcane industry. It was the general opinion of 
the Board that no time should be lost in starting an office where 
information on all aspects of the Indian sugar industry could be 
obtained, the information available at that time being scattered 
in the Secretariats of the various Governments in India, in the 
records of the late Reporter on Economic Products to the Govern- 
ment of India, and in the offices of the Director-General of Com- 
mercial Intelligence, the GoveriAiicnt Sugarcane Expert, and the 
Directors a%d Deputy Directors of Agriciiltui'e in the provinces; 
this information was to be collected, v^ifted, reviewed and made 
ava^Jrtile to Government and the public. In view of the prevailing 
high price of acting as an incentive to putting up factories 



118 SCIENTIFIC REPORTS OF THE AGRICULTCRAL RESEARCH 

in the country it was most desirable that there should be a central 
organization where reliable information, advice, and assistance 
.W)iild be had. 

It will thus be seen that the formation of this office was a 
natural evolution of the series of steps which the Government had 
already taken for the improvement of tlie Indian sugarcane 
industry. The appointment of the Indian Sugar Committee during 
the year by the Government of India with the Secretary of State's 
approval marks a further step in the same direction. It is expected 
that the Committee will submit definite recomuicudations as to the 
Sugar Bureau's constitution and functions, its relation to the 
provinces, and where it should be located. 

The first piece of work undertaken by me was the colleidion 
and indexing of all available literature on the subject published in 
India, sifting the masses of information available in various offices 
and arranging them in a form convenient for reference. Much 
progress has been made in this direction, but it was impossible to 
pay undivided attentiou to this part of the work as numerous corre- 
spondents began to seek advice as soon as the office was established 
and I was in charge of the duties of the post of Imperial Agricul- 
turistup to 4th January, 10:^0, and was also appointed a member of 
the Indian Sugar Committee. Enquiries relating to sugar and 
sugarcane began also to be transferred to this office by the Agricul' 
tural Adviser to the Government of India, the Government Sugar- 
cane Expert, Director-General of Commercial Ifitelligence, and other 
officers. The enquiries range from mere requests for statistical in- 
formation regarding acreage, yield of sugaivaiie per acre and im- 
ports of sugar in India, to varieties of cane, methods of cultivation, 
manures required, localities where sugar factories cun be put up, 
the machinery required and how to get it, etc. 

As it is most essential to have an up-to-date libraiy’ for a central 
place of reference like this, steps have been taken to lay the founda- 
tions of one which will grow in future. During the year under 
review 1,448 volumes have been received either by purchase, ex- 
change, or free supply, and they are being continually added to. 
Scientific and other periodicals bearing on this industry are being 
subscribed for. 

During the year under report I placed myself in touch with 
almwt all the sugar experiment stations of tim world, the principal 
sugar machinery manufacturers in Great Biitat’n an^ the United 
States of America. In India 1 am in touch with all the sugar 
factories and also with the officers of the provin^^**! DepaflRrtcnts 
of Agriculture connected with sugar and sugarcane^' 
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As mentioned above, I have been appointed a member of tHe^ 
Indian Sugar Committee in addition to my duties as Secretary, Sugar 
Bureau, with effect from 26tb October, 1919. This bas given 
me a further opportunity of getting first band knowledge of the 
Existing state of the Indian sugar industry. 

On 14tb May, 1920, I and the Superintendent of my office, 
Rao Sahib Kasanji D. Naik, proceeded with the Sugar Committee 
to Java. Here the opportunity was taken of inspecting all the 
libraries in the experiment stations and in the office of the Secretary 
to the Java Sugar Syndicate. iW great deal of literature was collec- 
ted, and numerous points on which we were uncertain as to the 
methods adopted in Java were cleared up. I also brought back 
with mo a collection of the latest Java varieties, including a cane 
specially recommended for North India by Dr. Jesweit, Sugarcane- 
breeding Expert, Pasoeroeau Experiment Station, which have been 
Bent on to the Coimbatore Cane-breeding Station for planting. I 
have also arranged by the kindness of Dr. Jesweit, and Dr. Kuyper, 
officiating Director of the Pasoeroean Experiment Station, to get 
any crosses done of canes which do not flower in India. It is anti- 
cipated that this will be of invaluable assistance to tbe sugar industry 
in Bihar, as no crossing has hitherto been possible with the Mungo 
family which up to date has refused to flower in India. 

PUBLICA'HOX. 

I contributed a paper on "The AVtudd’s Sugar Supply ” which 
* was j>iil)lished as a supplement to the issue of the “ Indian Trade 
Journal,'' dated 12lh March, 1920. 





